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Four national 
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. An ideal 
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international capital of all auto- 
mobiledom . . . as the background 
for your exhibit. 


Commitments already 

received indicate a big- 

ger National Metal Ex- 

position than in any recent 
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for full details to... American 
Society for Steel Treating, 7016 
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at this years Metal 
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American Welding Society, The 
Wire Association, Institute of Metals 
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American Institute of Mining and 
Metallurgical Engineers. 


OCT. 2-6, (Inc.) 1933 


ONGRESS 


METAL 


PROGRESS 


table of 


contents 


Published and Copyrighted 
by the American So- 
ciety for Steel Treating. 
buclid teenue. Cleveland. 
Ohi Issued monthly. sub- 
ription SS a vear 
s second-class matter, Feb. 7 
at the post office at Cleve- 
under the of 
March 3. 1870 


\merican Society for 


Steel Treating 


nea ore sponsible for state 
ents or opinions printed in 
s publication. Lditorials are 
ten by the editor and rep- 
vent his views He is also 


for unsigned and staff 


E. Thum, Editor. 


\MERICAN SOCTETY for 


BRONZE GEAR BLANKS 14 
A\n example of a first class photograph taken in the shop 
CENTRIFUGAL CASTING 15 
Francis W. Rowe has been an overseas member of A.S.S.T. for many years. 
He was trained at Manchester and Sheffield Universities and is chief 
metallurgist of a large English firm specializing on gears 
METAL PARTITIONS 20 
An outlet for metal, interesting for its future possibilities 
ENDURANCE 23 
Intent studies of special alloys exposed to hot corrosive surroundings and 
rapidly alternating loads enables Mr. Fuller to speak with authority 
SPECTROGRAPH 27 
Spectroscopic analysis has been used by non-ferrous metallurgists for years, 
but very little has been done as to alloy steels. Mr. Roach tells why. His 
work was done at the A. O. Smith laboratory, Milwaukee 
SCALING 30 
Professor Upthegrove summarizes studies in Department of Engineering 
Research, Ann Arbor, proving that protective atmospheres at heat treating 
and at forging temperatures are entirely different 
STEEL CONSTRUCTION .. 34 
An interesting view of a caisson for a large foundation 
HIGH STRENGTH IRON 35 
Hyman Bornstein, head of the testing and research laboratories of Deere 
& Co., leading manufacturers of farming equipment, summarizes the effect 
of special analysis and special melting practice on the strength and tough- 
ness of gray cast iron 
CORRESPONDENCE .. .. .. ..42 EDITORIALS 35 
Steel vs. Concrete .. .. F. Giollitti Dirigibles Beer Barrels Notes 
Temper Brittleness .. .. K. Honda 
Measure of Smoothness . A. Portevin CONCENTRATES .50 
Ojil-Water Quench . R. Kimbara 
Wisdom Ribbon .. .. G. Sproule HELPFUL LITERATURE 56 
Soviet Vanadium .. .. B. M. Suslov 
File Test .. .. .. «. B. Buxbaum ADVERTISING INDEX 64 
Owned and Publishe 


STEEL TREATING 


, 
Vol. 23. No 6 
“4 
- 
ticle 
. 


MACHINABILITY 
. . An IMPORTANT 
CHARACTERISTIC 
of Timken Alloy Steels for 


Transmission Gears 


Timken Alloy Steels machine easily, accu- 
rately and smoothly in any type of gear 
generator because (1) the grain size can be 
closely controlled to meet any requirement 
(2) physical and metallographic standards 
are consistently high and uniform. 


Look at the transmission gears shown in 
these unretouched photographs. Note the 
accurately-formed, clean and smoothly- 
finished teeth. 


Through the excellent machinability and 
uniform quality of Timken Steels this man- 
ufacturer—in common with others—is get- 
ting better gears at lower cost with fewer 
rejects. 


Timken transmission gear steels possess 
every other desirable quality in equally 
high degree. 


Response to heat treatment is consistently 
uniform. 


Distortion is held to a minimun, and is so 
uniform in its effects throughout every 
heat and shipment, that piloting, grinding 
and lapping are curtailed to the point ot 
elimination. 


Maximum strength and wear resistance in 
the finished gears assure dependability and 
long life. 


Isn’t that the kind of steel you need for 
your gears? Put your gear problems up to 
Timken metallurgists—they know. 


THE TIMKEN STEEL AND TUBE CO., CANTON, O 


Detroit Chicago New York’ Los Angeles’ Bosto: 
Philadelphia Houston Buffalo Rochester Syracuse 


ALLOY 


METAL PROGRE 


~ 
| 
: 
/ 
¥ 
+s 
| 


When Selling-price is Struggling to 


Keep its head above Cost 


N TODAY'S market. costs are critical... . A manufacturer 

hears of a possible order... goes after it hammer and tongs 
figures his cost optimistically ... adds a slender profit 
lands the job. » » Then comes the problem of holding actual 
cost below the narrow profit zone... always a problem... acute 
today: for the spread between cost and selling price is so slight 


thateven small wastes eat large holes in the profit. 


So the manufacturer must search out wastes he might have dis- 
regarded before. In any temperature process, for instanee, an 
unreliable pyrometer must not pile up rejeets at what now 
amounts to a devastating rate... to involve reworking. loss of 
production time and excessive inspection. And such pyrometers 
are detected easily. They can be replaced atvery reasonable 
investment, without interrupting production, with L&N pyrom- 
eters having characteristics which were unknown even three 
years ago. » » If your selling price is struggling to keep its 
head above cost. we should like to help vou investigate today’s 


possibilities for close control of temperatures, 


Wee are at vour service. 


In additio to aut matic temperature controls we THE HIGHEST DEVELOPMENT IN POTENTIOMETERS 
furnish THE MICROMAX STRIP-CHART RECORDER 
Homo Tempering Furnaces . . . Homo Nitriding 
Furnaces . Hump Hardening Furnaces 
Ho-Hump Multi-Purpose Furnaces ...Micromax 
Strip-Chart Potentiometer Pyrometers . Mi- 
eromax Type R (Round-Chart) Indicating Poten- 
tiometer Reeorders Standardized Therm >- 
couples and Thermocouple Wire Phermo- 
couple Heads. Insulators and Protection Tube- 
Precision Potentiometers and Accessorie= 


for checking or for Laboratory U -e | 


LEEDS & NORTHRUP COMPANY 


4901 STENTON AVE PHILADELPHIA. PA 


AUTOMATIC CONTROLS & RECORDS FOR ALL INDUSTRIES 


NOW 
AIR SERVICE 


anywhere.... 


A new development—this small Spencer Multi-stage centrifugal 
compressor. It is built on the same principle as the larger Spencer 
machines—will give the same reliable service and last for years. 


The illustration shows how easy it is to connect this turbo to a small 
gas-fired furnace. It is a self-contained unit requiring no special 
foundations or connections—just hook it up and the advantages 
of individual service with its perfect control and low operating 
costs begin. 


This unit, first introduced at the Power Show, is already being used 
to solve special problems on many forms of heat treating equip- 
ment, gas boosters and other devices requiring low pressure air. 


" : ; : Specifications can be varied to meet special conditions. What are 
your requirements? 
THE SPENCER TURBINE COMPANY, HARTFORD, CONNECTICUT 


a 


4 METAL PROGRESS 


4 
453 
QA Te! 
aft 
| 
RB&U-COMPRESSORS 


REG. U.S. PAT. OFF 


And Takes Along Its Own 
Guarantee of Full Strength! 


For the word CYANEGG on each drum means 
“R & H Sodium Cyanide 96-98°, 
rigid specifications of purity and uniformity.” 
Before each lot of CYANEGG leaves our plant, 
representative samples are analyzed for Sodium 


that has met 


content and absence of undesirable 


These analyses are checked against 


Cyanide 
impurities. 
previous analyses to make certain that shipment 
after shipment is uniform, 

When this CYANEGG market, steel 
treaters know they can use 
In making up cyanide baths from 


gets to 
it with a certainty 
of results. 
CYANEGG, they are sure of the cyanogen content 
they are adding. For replenishing cyanide baths, 
the addition of CYANEGG is a certain way of 
bringing back the cyanogen content of the bath 
without increasing the inert content. The form 
of CYANEGG—l-ounce 
especially easy to handle. 


molded eggs—makes it 


The CYANEGG method of heat treating steels 
has been found to give rapid and economical 
results in case hardening, nitriding, mottling. 
and re-heating steel parts. An important fea- 
ture of CYANEGG case hardening is that the 
nitrogen introduced into the steel surface along 
with the carbon aids in producing an extremely 


hard ease. 


Perhaps the CYANEGG method of heat treating 
can be used to advantage in your work, too. If 


you are interested, write us. One of our represen- 


goes 


tatives will be glad to call and discuss with you the 
applicability of CYANEGG heat treating for your 
problems. 

eee 


CYANEGG is the registered trade name for R & H 
Sodium Cyanide 96-98". manufactured to guar- 
anteed specifications by du Pont and molded in the 


form of eggs weighing approximately | ounce each. 


CYANEGG is packaged in 100- and 200-Ib. drums. 
Prompt shipments in any commercial quantity 
from stocks carried principal 


can be made 


distribution centers. 


For those interested in steel treating, we have 
available an 80-page booklet “Heat Treatment of 
Steels with Cyanides and Salts,” giving full infor- 
mation on the use of CYANEGG. It is free on 
request. For this information and current prices 
on CYANEGG, address our nearest district oflice 


or write direct to Wilmington. 


The R. @ H. Chemicals | 


BALTIMORE ~ BOSTON CHARLOTTE 


NEWARK NEW YORK 


PHILADELPHIA 
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Bronze, For Heavy Duty 


TILITY of bronze, and particularly phos- 
phor bronze, for duties necessitating low 
coeflicient of friction and resistance to fric- 
tional wear has long been recognized. The su- 
periority of the copper-tin allovs for this work 
is due to the type of structure they possess and 
the particular micro-constituents of the alloys. 

Up to about 6 tin the cast bronzes consist 
of crystals of the alpha solid solution of tin in 
copper (more or less homogeneous in charac- 
ter) and having a hardness, expressed in terms 
of Brinell, ranging from 60 to 80 dependent on 
the particular treatment the alloy has received. 
When the tin content exceeds 6 or 7% a new 
constituent — the alpha-delta eutectoid 
makes its appearance. This constituent is hard, 
white and brittle; it contains of itself 27°. tin 
and has a hardness, again expressed in terms 
of Brinell, of approximately 410. 

In a copper-tin alloy with 10 to 12° of tin 
(such as is generally used for hard bearings 
and gear blanks) approximately one-tenth of 
the volume consists of these hard crystals of 
alpha-delta eutectoid embedded in a matrix of 
the relatively soft alpha solid solution. The 
aggregate therefore very naturally possesses 
properties quite unlike other non-ferrous alloys 
and is analagous to the asphalt-granite mixture 


used for roads. In a cast bronze the eutectoid 
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Chief Metallurgist 
David Brown & Sons, Ltd 
Huddersfield, England 


bronze gear blanks 


particles represent the granite chips which give 


the necessary hardness and resistance to wear 


whilst the solid solution corresponds to the as- 
phaltic matrix giving the plasticity and re- 
silicnce and preventing the mass from being 
too brittle. 

The reasons why a homogencous metal is 
unsatisfactory as a bearing will therefore be ap- 
preciated. Only such alloys as the bronzes and 
the white metals have the requisite properties. 

It should be mentioned that the eutectoid, 
as shown in the first micrograph, is itself a 
combination of two constituents — 23°, of it be- 
ing alpha solid solution and 77‘. of it the delta 
compound, the latter having a Brinell hardness 


of approximately 590, 
Composition of Gears 


Gear wheel blanks, and particularly rear 
axle worm wheels for heavy trucks and coaches, 
have been made from phosphor bronze for 
many vears and much experimental work and 
service experience has shown that this alloy is 
the most suitable for the duties. The only other 
alloy which has been used in any appreciable 
quantity for this duty is the 10° aluminum 
bronze. This —in the form of die castings 


was used in England for the worm wheels of 
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Patch of 


Wpha-Della Eutectoid in 
Tin Bronze at 750 Diameters 


a popular one-ton truck with generally satis- 
factory results. However, the surface stresses 
(due to the large size of wheel emploved) were 
comparatively light. Experience has shown 
that the aluminum bronzes under the high sur- 
face stresses which can be used with phosphor 
bronze are liable to failure through seizure or 
partial seizure which leads to rapid wear. Par- 
ticularly is this true if the mating worm shaft is 
slightly deficient in hardness or the lubrication 
in service is not ideal. 

Little alteration in composition has taken 
place in recent years in the phosphor bronze 
used for these duties, although research work 
has clarified the views regarding the effect of 
various impurities, and fixed the changes in 
physical properties due to variations in tin and 
phosphorus content. Practically all the high 
grade worm gear bronze produced in England 
today is found to fall within the following lim- 
its of composition. It is fairly close to the 
American S.A.E. specification No. 65 for phos- 


phor gear bronze. 


Tin 10.5 to 
Lead (0.00 maximum 
Zine maximum 
Phosphorus 02 to 0.4% 
Nickel 0.0 to 2.0% 


Copper Remainder 
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Limiting factor for tin is the decreasin 
tensile strength, ductility and particularly shoc! 
strength with increasing tin content above 10 

For similar reasons the phosphorus co: 
tent is now generally restricted to that amou; 
which will insure good fluidity and foundin 
properties; tin being preferred as an actus 
hardener to phosphorus. Phosphorus (in addi 
tion to its value as a deoxidant) is a powerful 
hardener, practically the whole amount remain 
ing in the alloy forming copper phosphide 


eutectoid, as shown in the micrograph below 


which is associated with the alpha-delta 


Copper phosphide is not a great deal softer thay 
the alpha-delta cutectoid and is therefore val! 
uable as a hard, load-bearing constituent. But 
its intrinsic brittleness is reflected in the lowe: 
impact values obtained from bronzes of high 
phosphorus content. That is, of two bronzes 
of the same hardness, the one containing the 
higher phosphorus is the more brittle. 

Lead above 0.5'. lowers the yield point in 
compression, and therefore the tendency to pit 
ting (a type of fatigue failure) under high com- 
pressive stresses is increased. 

Additions of nickel are of comparatively 


recent origin and have the effect of raising the 


Ternary Eutectoid in Phosphor Bronze (11° Sn, 
0.6 P) at 2000 Diameters. Black areas are al- 
pha solid solution, white are delta compound, 
and the halftone stripes are copper phosphide 
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id point in compression and 
is the resistance to pitting. 
Nickel also raises the tensile 
strength and tends toward higher 
Its marked effect 


the plasticity of the bronze 


ipact values. 
cessitates the proportion — of 
ckel —— particularly relation 
to the tin content — being care- 
fully controlled, as a certain de- 
sree of plasticity is essential in a 
vear bronze as ino any” bearing 


metal. 
Casting Characteristics 


The type of phosphor bronze 
used for worm wheels is, due to 
its high tin content, unsuitable for 
forging and hot working and there- 
fore castings have to be emploved. 
The greatest alteration which has = 
taken place in the process of man- 
ufacture in recent vears has been 
in the methods of molding and casting to secure 
improved physical properties without destroy- 
ing or impairing the essential bearing structure. 
the constantly increasing efliciency of the auto- 


mobile engine with greater torques and higher 


Influence of Size and Process 


Method of Making Casting 


Propert Fon pri. 
opertly | inree- | 
Cast Chi Sided | fugally 
| Chill Cest 

it 


1?-/n. Blanks With 2-In. Face end 8-/n. Bore 


Dini nnint 


b. per SG 16,000 


| 
19, 000\26,000\37,000 
4 


lensile st 


ongation | ¢7 4% 5% 7 
sraness, 10mm. bali | 
IND -k > a0 | 75 | 85 100 170 
Zod impect. 3 
70! 17 ft-lb. C5 tt-/b 


b 0.6 | 4.5L 

LeENSILY, Correcte 0.4L 6.50 | 865 8.75 


'8-In. Blanks With ZVe-/n. Face and 12-/n. Bore 


Yield point 174,000 |\15,000 |\235,000\3 1,000 
Bnsile strength |26,000|30,000|34,000\4 1,000 
Flongation | 5% | 5% | 7% | 9 
Yardness | 63 | 76 | 85 98 
Zod impact 38 ft-lb.\ 29 A-lb.\ 24 ft-lb. \ 34 ft-lb 
ompression é. 58 | 42 | 35 
Density 8.20 8 30 | 8.45 | 8.60 
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Pouring a 500-Lb, Gear Blank Into a Centrifugal Caster 


road speeds, coupled with the insistence on 
maintaining or even reducing existing gear 
sizes has compelled us to improve the quality 
of the materials. 

For worm wheels the ordinary sand cast- 
ing has many deficiencies. Probably the great- 
est of these is the low density consequent on 
slow cooling through the solidifving range. This 
was early recognized and most manufacturers 
long ago adopted some form of chilling for the 
tooth portion of the blanks. The maximum 
density of a 12°. phosphor bronze is about 8.85 
but the sand cast material varies from 8.25 to 
8.15 dependent on the size of the blank and the 
casting temperature (that is, on the rate of solid- 
ification). This partial porosity is reflected in 
poor physical properties other directions; 
hardness, tensile strength, compressive strength 
all being considerably below the maximum of 
which the alloy is capable. Sand castings are 
also frequently variable in properties through- 
out the mass, particularly where varied sections 
are encountered. Spongy metal is frequently 
found in heavy bosses and in the vicinity of 
runners and risers. 

First efforts to improve the material re- 


sulted in a ring chill to densen the periphery of 
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the blank. This was certainly an improvement 
but brought certain disadvantages in its train. 
Primarily the tooth portion was densified at the 
expense of the other portions of the wheel which 
were generally left in a condition something 
worse than a plain sand casting, as can be seen 
by the macrographs below. 

Ring chills also had a deleterious effect on 
the bearing structure of the bronze in that por- 
tion of the blank subject to the influence of the 
chill, The chilled portion was generally deti- 


cient alpha-delta eutectoid, with corre- 


Sand Cast 


Cast With Ring Chill 


tion and higher liquid shrinkage usually mea)! 


these had to be increased. 
Three Sided Chills 


The next step forward was to chill | 
blanks on both top and bottom faces and pe: 
iphery, the method generally described as tly) 
three sided chill. This process is in common 
use today, and whilst it gives results superior 
to those of the preceding methods, still falls 


short of the maximum obtainable. Its main dis- 


Cast With Three Sided Ch 


Macrostructure (Actual Size) of Bronze Gear Blanks Cast in Stationary Molds 


sponding increase of tin in the solid solution 
matrix. This circumstance was due to the pe- 
culiar rate of cooling obtaining with a ring 
chill in a sand mold, and was equivalent to the 
effect of a partial annealing. (Any subsequent 
annealing of a cast phosphor bronze in the tem- 
perature range of 950 to 1300) FP. results in par- 
tial absorption of the essential eutectoid into the 
matrix.) Neither did the ring chill do away 
with the necessity for heavy risers to secure 
adequate feeding, except in light sectioned 


wheels. Indeed the greater speed of solidifica- 


18 


advantage is the difliculty of compensatiag for 
the liquid shrinkage, particularly in heavy or 
complicated sections. To overcome this, par 
tially, high casting temperatures must be used 
(which lengthen the time of freezing) and thes: 
result in castings having a larger grain siz 
and lower density than the best obtainabl 
These deficiencies are again reflected in’ th 
other physical properties. The difficulty of s¢ 
curing absolute soundness in large or comp! 
cated designs is also considerable. 


The centrifugal method of casting, if prop 
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iy conducted, overcomes practically all the 
liciencies in the other methods and gives the 
arest approach vet obtained to the maximum 
ivsical properties of the alloy. 

For gear wheel blanks the mold is best 
rotated with a vertical axis (as opposed to the 
more usual horizontal axis emploved for plain 
evlinders and pipes). The composite parts of 
the mold are of steel and the inner part of the 
blank is formed with a sand core. Metal enters 


the mold proper through orifices in this core. 


Peripheral speed found most suitable varies 


Centrifugal Casting Produces Much Smaller 


Grains in Metal Where Teeth Are to Be Cut 


somewhat with the diameter of the blank, ap- 
proximately 1600 ft. per min. being appropriate 
for blanks & to 10 in. diameter and 2400 ft. per 
nin. for blanks 5 to 6 ft. diameter —— the largest 


vet cast by David Brown & Sons. 
Advantages of New Method 


Superiority of the centrifugal casting over 
ie best method prior to this, that is, the three 
ded chill, is mainly due to two causes. The 


mstant agitation and vibration during the 
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Whole period of solidification results in a very 
small grain size. The grains being small and 
oriented at random, it follows that the dendrites 
are short. This gives the strongest structure, 

The other main factor is that compensation 
for liquid shrinkage (in foundry parlance “feed- 
ing”) is done under the considerable pressure 
due to centrifugal force. This overcomes the 
biggest diflicultvy in rapid solidification, and 
results in a phosphor bronze gear casting whose 
whole cross section has a very high and prac- 
tically uniform density. 

Difference in uniformity and high 
physical properties between this and 
other methods becomes. particularly 
marked as the weight and section of the 
castings increase, as shown in the tables 
for castings 12 in. diameter by 2 in. face 
and & in. bore, and for castings 18 in. di- 
ameter with 3!o in. face and 12 in. bore. 
(The table mentioned is on page 17.) 
The smaller size is typical of castings used 
for back axle worm wheels for five-ton 
trucks, and the larger one is the heaviest 
that would be used in the British truck in- 
dustry. These are average values and 
include (particularly in density and hard- 
ness) the whole cross section of the wheel. 
The small difference that mass makes to 
the centrifugal casting will be observed, 
and this is one of the valuable features 
of the process and particularly helps the 
designer, since one set of stress figures 
can be used. 

Typical macrostructures showing the 


grain size of blanks cast by different 


methods are also shown, representative 

of the particular method, done in a man- 
ner likely to secure the highest proportion of 
satisfactory castings. 

To appreciate fully the advantages of the 
centrifugal casting process, it is really necessary 
to have experience of all methods of casting 
over a period of time and with a wide variety 
of sizes and sections. The general similarity 
of high quality product over a varied range pro- 
duced by the centrifugal process then demon- 
strates, in factors not easily translatable into 
figures, the definite advance in bronze found- 


ing represented by this process. 
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by G. Messen 


Managing Editor 
The A.S.S. T. Review 


present and future possibilities 


ETAL is catching up on non-metallics as 

material for interior partitions for offices 
and industrial buildings, just as it has already 
caught up to them and far exceeded them as 
framework for large buildings. Somehow the 
fact that bricks and mortar were discovered by 
the ancients before they learned about metals 
has delaved in more than one instance the full- 
est utilization of the properties of metals, even 
by modern men. 

But in spite of a reluctance to /ry anything 
new and difficulties getting the building 
trades’ unions to do anything new, builders and 
owners have gradually become convinced of the 
advantages of metal partitions, and today about 
oO) companies, large and small, are making 
them. In the neighborhood of 10,000) tons of 
sheets is the normal vearly consumption. 

As an illustration of what is being done, 
the methods used by the Mills Co. of Cleveland 
may be cited. Full finished, furniture grade 
sheet steel is used, previously stretcher leveled. 
Manu- 


special rolls 


Thicknesses range from 20 to 16 gage. 
facturing operations are simple 
form the connecting edges of the sheets into 
mortises and tenons which are then crimped 
into tight fit. Additional rigidity is secured by 


friction clips which have been so designed as 
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to be completely interchangeable throughout 
the various parts of the partition such as corne: 
posts, vertical or horizontal members, tee and 
angle joints. The engraving on the opposit 
page indicates that rather intricate details can 
be shop fabricated in this manner, by the in- 
genious use of a relatively small number of 
standardized details. 

Standard and special panels are completely 
assembled in the shop as separate units by 
crimping together the mortises and tenons 
When the panels arrive on the job it is only 
necessary to place them in proper position, fas 
ten them tightly with the regular steel clips. 
and snap on the ornamental cap which com 
pletes the hollow post between adjacent panels 
(This hollow center is often used to carry ele: 
tric wiring.) 

Almost any specification as to finish cai 
be met. Many of them are imitative in chat 
acter, such as marble, wood, or plaster. Others 
like the dull olive green paint for industria’ 
partitions, are merely practical. One limitatio: 
is imposed by the fact that the sheets are m 
smooth enough to carry a gloss coat withor 
emphasizing their waviness, and customers fin 
this distracting. 

Ingenious is the method used to give th 
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Furniture Grade Sheet Formed Into Sub-Units and Crimped 
and Snapped Together Build up Rigid Metal Partitions 


rough plastered effect for flat walls shown on 
page 22. Two coats of a neutral colored paint 
are applied, following which fine white lake 
sand is spraved on with an air gun. A. third 
spray of paint serves to bind the sand in place 
and then even a close examination will fail to 
distinguish between a lath-and-plaster wall and 
is sand-and-metal competitor. 

Tile partitions are inherently more resistant 
lo the passage of sound than a sheet of steel, 
put almost all opaque metal partitions used in 
flices are of the double wall type with a 2-in. 
ur space. The Mills Co. provides additional 
nsulation, as effective against heat as against 
ound, by filling the air space with laminated 


ber with the cells running in two directions. 
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This is essentially the material 
used in the more expensive re- 
frigerators. 

To make the partitions even 
better Sound-killers, it would be 
necessary to run strips of felt 
between the edges of the parti- 
tion and the floor, walls, and 
ceiling of the building proper. 

The “cold” feeling of metal, 
caused by rapid conduction of 
heat, is no drawback to parti- 
tions, as it is to metal furniture, 
as the former are seldom in con- 
tact with the skin. 

In the face of these advan- 
taves, however, brick or tile 
walls are still paramount in 
oflice buildings. Strangely 
enough, neither of the two tall- 
est buildings in the world was 
designed by the architects for 


metal partitions, although both 


were heralded as the ne plus 
ultra in modernity. Such steel 
partitions as are installed have 
been used for subdividing the 
rented units. 

This unfortunate reluctance 
to try something comparatively 
new like a steel wall can grad- 
ually be overcome by the same 
kind of diligent selling which 
finally brought metal lath and 
welded pipe joints into more 
equal competition with more conventional ma- 
terials. Reduction in over-all cost is the most 
powerful argument. Added advantages for a 
higher price are more difficult to sell to nearly 
anvbody, these days. 

In this respect, one of the great selling 
points of the metal partition has been economy. 
First cost and installation are practically the 
same as a plaster wall. Maintaining metal par- 
titions is cheaper for the obvious reasons of 
fewer repairs and a more easily washed sur- 
face. It is in the salvage value that the metal 
partition is so far ahead of the non-metallic 
wall that the competition ceases to be close. 

Wastage in brick and tile partition is enor- 


mous: For 1926 the National Association. of 
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Building Owners and Managers reported that 
$15,000,000 was spent to tear out and junk of- 
fice partitions. Metal walls of unit construction, 
on the other hand, can be moved, rearranged, 
re-erected, or even stored against future needs 


without a dusty mess of brick and plaster. 


Future Extensions 


Some day these advantages will be appre- 
ciated by the home owner. As a matter of fact, 
residence construction is a field into which met- 
als have penetrated with great difliculty. Even 
up to a few years ago, heating and plumbing 
equipment was about the limit, except for light 
hardware. Now that mechanical refrigeration 
machines and washers are in more or less gen- 
eral use, to sav nothing of all sorts of electrical 
devices, the metallic content of the average 


house is far greater, and this trend heartens 


those who are promoting metal cabinets, met 
sash, monel or stainless sinks, and so on. 

Movable metal partitions should be as d 
sirable in a home as in an oflice, for requir 
ments as to room size certainly vary wil 
families over a period of vears. At one tim 
a larger living-room may be more desirab! 
than a large dining-room and kitchen, whil) 
later the converse may be true. 

With present building practices, movab| 
metal partitions cannot be used in homes, for 
the subdividing walls now support the upper 
floors. Merat Progress, in July, 1931, sum 
marized the adoption of metal by the modern 
school of architects, particularly the function- 
alist group who want every component part of 
a building to have some purpose besides mere 
decoration. They see no reason why, in a hom: 
of average size, floors and ceilings should not 
be self-supporting, inasmuch as to make them 
so merely requires the use of mate 
rials already available, such as a 
little structural steel, and the disre- 
gard of a few superannuated meth- 


ods of construction. 


Architectural Changes 


The type of metal partition used 
in offices today may or may not be 
applicable for home use. Only Mrs. 
Housewife can say definitely whether 
she wants her walls made of steel! 
and finished to look like steel. or 
wood, or plaster, or marble, ot 
whether a steel wall feels too cold 
This market does not now exist, bul 
the Century of Progress Exposition 
has opened in Chicago, and millions 
of Americans will see there an en 
tirely new stvle of architecture in 


which metal plays a leading role, in 


Metal Partition Vay Be Finished so Like Plaster 
That Close Inspection Fails to Reveal the Difference 
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little buildings as well as big, not only 
underneath the surface but out in the 
open. If this exposition has as much 
influence upon future building design 
as did the World's Fair in Chicago 
10 vears ago, the market for meta! 
as a home building material is goin: 
to develop before even the function 


alists thought it would. 
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ENDURANCE 


of metal in corrosive surroundings 


= METALS have been used for struc- 
tures or machines whose members are 
subjected to repeated stresses, failures have 
occurred which appear to be characteristic of 
brittle substances, rather than tough metal. As 
the stresses involved have become greater and 
as speeds of machines have been increased, 
with the consequent increase of the frequency 
of application of stress, the problem of avoiding 
such breakdowns has become more acute. 

It was in 1859 that August Wohler (whose 
work was published in Engineering, London, in 
IS7L as the first comprehensive treatise on en- 
durance) began his investigation of the phe- 
nomenon under the auspices of the Prussian 
State Railways. The study has been continued 
by many others. 

In 1911 the World War with its multitude 
of ramifications made an intensive study of en- 
durance phenomena not only highly desirable 
but essential. Since that time the work of Prof. 
il. PF. Moore of the University of Illinois has 

Iped to make understandable the fundamen- 
‘als of this subject. His book, “The Fatigue of 
Metals.” written in 1927 with J. B. Kommers as 

-author, may well be consulted. 

“Endurance” and “fatigue failures” are 

rms applied to fractures resulting from the 


plication of repeated stresses. Any type of 
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tension, compression, or shear stress (or combi- 
nation of simple stresses) may be involved, in 
magnitude including repetition from zero to a 
positive maximum, from a positive minimum to 
a positive maximum, from a negative minimum 
to a positive maximum, from a negative mini- 
mum to zero, and so on. Most laboratory tests 
in America, however, have been carried out on 
turned specimens arranged as rotating beams 
where the unit stress at any one point passes 
alternately during each revolution from maxi- 
mum tension through zero to maximum com- 
pression. Work involving torsional stress is in 
progress at the National Physical Laboratory in 
England. Equipment is also available for stress- 
ing specimens in direct tension and compres- 
sion over the entire cross-section, 

Since the subject matter of this article has 
to do with endurance of metals in corrosive 
atmospheres or surroundings, a type of equip- 
ment suitable for making tests in controlled 
environment will be illustrated. The assembly 
drawing and photograph on the next page is 
of a modified White-Souther and McAdam type 
of rotating beam machine, used in the research 
laboratory of General Electric Co. for testing 
the endurance properties of various steels in 
steam at different temperatures and pressures. 


Of course, the same machine is entirely suitable 
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Each Fatigue Testing Machine Is Driven 
Directly by an Individual '2-Hp. Motor, 
Running at 2200 R.ip.m. Specimen B is 
held by the rotating holder A inside the 
steam bow FF, which is closed at the top 
by an elliptical cover GG. The load is 
applied by dead weight to the specimen 
through the rod D and bearing C. E 
is an oil pipe leading from the lubrica- 
tion system to the bearing CC. Steam is 
admitted through an inlet, not shown. 
Steam packings are placed around the 
rod D, and the rotating shaft at H, from 


which water ts drained by a vacuum 


for making tests in air or media other than steam. 

After the specimen is mounted and the motor 
started, the load is applied by depressing the foot 
pedal to contact with the electromagnet on the floor; 
the winding of the magnet is connected in series 
with the motor. This releases the support under 
the weight that constitutes the load, and the load 
remains hanging on the end of the specimen until 
the motor circuit is opened, cither intentionally or 
by loss of power, whereupon the electromagnet 
immediately liberates the pedal and the load is 


removed from the specimen by the heavy spring. 
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The specimen suitable for this machin« 
has a reduced section similar to MeAdam/’s 
“type specimen described in 1921. When 
it is arranged as a rotating cantilever beam 
the maximum stress is in a plane whos: 
diameter is 0.4687 in., although stress from 
the shoulder over a distance 1!. in. there- 


from varies only by lls. 
§-N Diagram and Fatigue Limit 


To investigate a metal or alloy a num- 
ber of test pieces are prepared, as nearly 
identical in condition as possible. The firs! 
one is run at a load that is expected to 
cause failure a comparatively short 
time. Successive runs until failure are 
then made at successively smaller loads. 
until a load is found that will not caus: 
failure after a long time — usually the tes! 
is stopped somewhere between 10 and 100 
million reversals. The data, therefore, ar 
a series of stress-cvele relationships, each 
one of which is sufficient to cause failure 

Although other methods may be used. 
it is customary to plot stress value to Ca! 
tesian coordinates and corresponding num 
bers of eveles to logarithmic coordinates 
and a line joining them up has come to 
be known as the “S-N diagram.” Such 


diagram is shown on the next page. 


METAL PROGRES 


a 
© 
ane 
| 
Motor Attached Here 
4 


McAdam. whose work has furnished a 


70,000 T T very large part of the data which have 
= | helped to clarify a difficult’ ex- 
> | tremely complicated phenomenon. 
| He has defined corrosion fatigue as 
: we “the entire process that results In com- 
~ | » . 
50,000 + plete failure under corrosion and evyelic 
stress of high frequency.” The defini- 
| | | | | 
} | | | | tion would perhaps be more accurate 
104 105 106 107 108 if the words “of high frequency” were 
Number of Cycles for Fracture omitted, it being quite certain that fail- 
Relation Between Stress and Number of Applications for Fail- ures occur that are due to the com- 
Diagram a Steel Containing Ni, 0.9° bined effects of corrosion and repeated 
(rand Heat Treated to 140,000 Lb. per Sq.dn. Tests 


in dry air at room temperature. (Moore & Kommers 


stress of very low frequency. 


Whenever corrosion fatigue exists 


will be observed that under the conditions of 
that experiment, S.A.LE. 3425 will withstand in- 
definitely a stress ranging from 18,000 Ib. per 
sq.in. in tension to a like stress in compression. 
Moore and Kommers have defined the endur- 
ance limit or fatigue limit as: “A\ unit stress 
below which the metal will withstand an indeti- 
nitely large number of eveles of stress without 
failure.” The endurance limit value bears no 
relation to the proportional limit, but for steel 
is usually 10 to 60° of the ultimate strength. 
The first published record of the phenom- 
enon which has since come to be known as 
corrosion fatigue was in a paper by Haigh be- 
fore the British Institute of Metals in 1917. In 
this paper, which dealt with the fatigue of 
brasses, attention was called to the fact that 
fatigue occurs under lower stresses when the 
conditions tend to promote corrosion. Strangely 
enough, the phenomenon was thereafter vers 
largely disregarded until 1925, when (simul- 
taneously and quite independently) work was 
begun by D. J. MeAdam at the United States 
Naval Experiment Station at Annapolis, and in 
hngland by G. D. Lehmann under the auspices 
tthe Air Ministry. Papers from both sources 
ere published in 1926, MeAdam’s in particular 
cing the first of a long line destined to set forth 
e principles of corrosion fatigue. A very help- 
summary of this important subject has been 
ven by Dro H. J. Gough in his 1932) Autumn 
cture before the British Institute of Metals. 
Any discussion of the subject in its present 


ite must necessarily refer frequently to 
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there must be involved at least four 

factors; namely, (1) stress, (2) medium 
surrounding the specimen, (3) temperature, and 
(1) evele frequency. The surface condition of 
the stressed member is also well understood to 
be of very great) importance.  Tool-marks, 
scratches, shoulders, kev ways, or sudden 
changes in section of any kind cause a marked 


lowering of fatigue limits. 
Corrosion Fatigue Limit (N) 


The earlier work on corrosion fatigue 
seemed to indicate a definite value called by 
McAdam the “corrosion fatigue limit” for each 
metal tested under carefully specified, mildly 
corroding conditions. More recent work on 
monel metal, however, has led McAdam, and 
later Gough, to doubt the existence of such a 
well-defined value. The later view ts the most 
reasonable when analyzed in the light of the 
many variables involved. 

Tests on monel metal in a stream of fresh 
water carried out by MeAdam to 100) million 
eveles when plotted suggested a definite value 
for the corrosion fatigue limit. Further tests 
carried out by him to a billion eveles showed 
that somewhere between 1 Wh and 1 10 
eveles the S-N curve again turned downward. 

This circumstance has led Gough to sug 
vest the term “corrosion fatigue limit) (N).” 
where N represents the greatest number of ev- 
cles endured in the test to which any given data 
refer. However he speciticalls stated the 
lecture above mentioned that the present use 


of the term “corrosion fatigue limit (N)" “must 
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not be taken to indicate that a definite ‘fatigue 
limit’ exists under the stated conditions of test.” 

This is in agreement with an earlier state- 
ment by McAdam: “The ‘corrosion fatigue limit’ 


proved a valuable preliminary index of the be- 


havior of metals under corrosion and = cvclic 
stress. By means of corrosion fatigue limits, 


some of the most important characteristics of 
stress corrosion were established. It was shown, 


for example, that) corrosion fatigue depends 
chiefly on the corrosion resistance, and is little 
influenced by variations in physical properties 
whether these variations are due to composition, 
heat treatment, or cold working. It was also 
shown that the corrosion fatigue limit is prac- 
tically uninfluenced by size of cross-section, at 


The 


corrosion fatigue limit, therefore, is of value in 


least for diameters between 's and 2.3 in. 


making a rough comparison of the behavior of 


portion, some liquid water forming in the pry 
ence of ample oxygen from = the atmosphe: 
10°) was 


the corrosion fatigue limit (N 5 
found to be 24,000 Ib. per sq-.in. 
A subsequent test on specimens in ie stear 


box 


(air being excluded, and therefore very 
little, if any, opportunity for condensed mois 
and 


ture in the presence of steam at 1000 C. 
the 
original value of 58.000 Ib. per sq-.in. 


pressure) returned endurance to its 

It has been emphasized many times in thy 
literature that the effect of corrosion plus stress 
is far more damaging than the effect of corro- 
sion alone followed by stress. This is well illus 
trated by values for nickel steel taken from th: 
Speci 


mens which had been exposed to the action of 


experiment ino steam previously cited. 


wel steam and air for a period of one week 
showed an endurance limit (N 10°) of 50,000 


Ib. per sq.in. when tested in dry 


Corrosion Fatigue Limits of Chromium-lron Alloys (Mc Adam] — 31". This value may be com 

pared with the above men 

Compo- Con- Endurence Limit (Nx 107) tioned values. Other specimens 

Msteria/ sition dition S of this nickel steel pre-corroded 

= In In In 

Cr} C Air fresh Water | Salt Water one week in an atmosphere of 

Quenched wet steam and air and tested 

Stainless steel | 14.50) 0.38 \ ang | 54,000 (21) 37,000 27,000(3] under a steam jet showed cor 
12.90 0.11 | Annesled\ 89,500 56,000 38,000 (1)\27,000(2) rosion fatigue limit’ (N 

|17.09\ 0.14 | Annesled| 87,700) 47.000 (1)\ 43.000(05)| 26,000(3) of 14,000 Th. per 

carbon |17.74\ 1.20 60,000 (1/\ The data secured by M. D 

congener 20.94 Annesled | 87,900 47,000(06]\ 41,000 (3/\30,000(2) 

chromium iron 27.57\ 020 | Annealed 81,000) 44,000(0.4)| 39,000 (04) 50,000 (2) air and wet steam at various 

temperatures are summarized 

in the data sheet published in 

metals under stress corrosion. It cannot be used Mrerat Progress for July, 1981. To these may 


directly as a basis for design. The behavior of 
metals under stress corrosion cannot be repre- 
sented by any single numerical index.” 

In tests on the properties of steels in steam, 
of the 


General Electric Co. and reported to the 1931 


performed at the research laboratory 


convention of ASSJE.. examples of the effect 
of liquid water and oxvgen are to be found. 
The air room temperature endurance limit (N 

o 10°) of a nickel steel of the 3.5 nickel, 0.35 
having an of 
119.000 Tb. per squin.. was found to be 58,000 Tb. 


carbon type, ultimate strength 


per sq.in. Ina test, however, in which a jet of 


wel steam was allowed to play upon the stressed 
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be added data secured by Inglis and Lake tor 
an I8-8 (carbon less than 0.16°)). In the fully 


softened condition it had an endurance limi! 


(N 2 10°) of 39,100 Tb. per sq.in., whereas 
in river water the corrosion endurance limi! 
(N 10°) was 25,000.) After heating 60 min 


at 1200) the later value (N 10>) 
11.500. 


Values for chromium-iron alloys secured }) 


came 


McAdam are given in the adjoining table. T! 
figures in parenthesis represent (N) in units o! 
I 10, 
ance limit (N) of low carbon chromium-iron 
10°). 


In other words, the corrosion endu 


fresh water is 13,000 (N D 
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SPECTRO 


Perkins Observatory 
Delaware, Ohio 


analyzing 


steel with 


TRANSFER of spectroscopic methods from 

science into industry has been rather tardy. 
Mioneer workers in the field sensed its great 
potentialities in the detection of minute quan- 
lites of an element by the observation of 
characteristic lines the spectrum. After 
the use of the modern photograph had become 
cneral it might have been thought that inter- 
est in the spectroscope as an analytical tool 
would have increased, but only a very few in- 
Vestigators devoted themselves to this study. 
Pascinating problems in atomic structure, which 
the study of spectra revealed, were occupying 
(imost the entire attention of experts. 

Of late vears an acceleration in industrial 
ses may be noted so that today most research 
laboratories dealing with the properties of met- 
have well-equipped spectroscopic divisions 
indeed, in many cases it has been found 
routine control analyses may be advan- 
ously carried out by their aid. 


The principles of practical spectrum anal- 
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vsis are not in any sense abstract or compli- 
cated. They may be stated as follows: If the 
spectra of a number of samples of a metal con 
laining varving amounts of an impurity are 
examined, it will be found that the lines due to 
the principal constituent are constant in) posi 
tion and intensity. They serve as the reference 
points for locating the lines caused by the im- 
purity or minor constituent. As a rule, the 
intensity of these latter lines increases as the 
amount of impurity increases. This general rule 
forms the basis of an empirical relationship 
between composition and line intensity, 

In practice any one of a number of methods 
for measuring the intensity of a spectrum line 
may be emploved. One that has been success 
fully used by the writer in the research lab 
oratory of Smith Corp. Milwaukee, for 
analyzing impurities in steel and other metals 
is known as the logarithmic sector method, and 
will be described. 


A convenient means of obtaining a spectro 


ts 


vram is indicated by the first diagram. Two 
rods of the sample to be tested are used to 
strike an arc, the light of which is concentrated 
on the slit of the spectrograph by a condensing 
lens. This pencil of light is broken up into its 
constituent colors, or lines, by a prism, and 
brought to a focus on the photographic plate. 
The essential equipment therefore is the are, 
the spectrograph, and a dark room. None of 
these need be very expensive to be quite useful. 

When a logarithmic sector is used it is 
placed directly in front of the slit. During the 
exposure it is rotated in front of the slit, causing 
the effective exposure to vary” progressively 
along the length of the slit. The spectrum lines 
then appear on the developed plate not as lines 
of uniform intensitv along their length but as 
wedges which fade out. (This is illustrated in 
the sketch.) The measure of cach line’s length 
then becomes a direct indication of its intensity. 

As an instance of how the spectra may be 
interpreted, the sketch contains some of 
the important iron and chromium lines. 


(The latter have a dot placed below them 


to the “impurity” (chromium). In the 
illustrated the two lines chosen happen to | 
the eighth and ninth lines from the left in chy 
diagram opposite. 

This procedure is readily seen to lend itself 
to rapid analyses as a number of impurities ar 
recorded on a single plate and the analyst is 
able with practice to locate and measure thei: 
respective lines within a reasonably short inter 
val of time. If the utmost speed is desired thy 
plate can be ready for measurement within 
about 5 min. of the time it was exposed, by 
using a rapid developer and fixing bath. Meas- 
urement may be carried out while the plate is 
still wet. 

By the above method the following minor 
constituents of steel can be quantitatively esti 
mated: Chromium, manganese, silicon, tita 
nium, nickel, vanadium, tin, and copper. At 
present the practical upper limit: within which 


accurate results can be expected may be placed 


for casy identification.) Attention is 
called to the increase of height of the 
chromium lines as the chromium content 
increases from nothing to 1f.. The lower 
spectrum, of “pure” iron, does not show 
these lines at all, from which fact it: is 
inferred that chromium is not present. 
In practice it is found convenient to 
compare the “impurity” lines with ad- 


jacent iron lines. In this way any slight 


Condensing 
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changes in the experimental conditions do 


lenses and Prism 
lens of Spectroscope 


Logarithmic 
Sect or 


Photographic 


Plate 


not affect the accuracy of the determina- 


spond equally. 

Length of lines may be measured 
with a low power microscope having a 
vraduated scale in the focus of the evepiece. 
It is found that different observers will not agree 
exactly on the absolute length of a given tapered 
line, but in spite of this, independent measures 
of the difference of length of any two such lines, 
Which comprise the data necessary for the anal- 


sree within 0.2 mm. 


vsis, Will usually a 

A typical calibration curve shows the per- 
centage composition plotted against the differ- 
ence in length of two selected lines, one due 


to the principal constituent Giron) and the other 
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Diagram of Optical System. Shape of 
tion, as all lines on a single exposure re- the 


logarithmic sector ts also shown 


The lower limit varies with tly 


at about 2°,. 
element in question and, to some extent, wilh 
the lines chosen. Most of the elements men 
tioned can be determined to Sony 
analyses can be carried even lower by extrap 


lating the calibration curves. 


Phosphorus and sulphur cannot be detec! 


in the small amounts in which they occu! 
steel, due to the weakness of their lines. a! 


bon presents difficulties of a different nat! 


which may be overcome in the future. 
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Variation of Spectral Line Intensities in Steel Samples. 


Note how the tron lines are constant in length, where- 


as the chromium lines (marked by dots) 


Increase 


length with a continual increase in the alloy content 


Problems often arise ino which a mere 
knowledge of the presence or absence of cer- 
lain impurities in a metal gives the required 
information. Here the spectroscope can ren- 
der very valuable aid. Unsuspected impurities 
ire often found in this manner which would 
require considerable labor to locate by chem- 
ical methods. If the analytical chemist has to 
make a 100% analysis of an unknown he can 
lo good advantage be guided by the spectro- 
scopic analysis. 

Recent developments make it feasible to 
study solutions, which greatly enlarges the field 
of usefulness of the method, and has proven 
especially valuable for zine and zine alloys. 

Occasionally certain impurities are segre- 
sated in the sample. Since by suitable methods 
very small specimen can be studied, the 

re of these segregations may often be de- 


by the spectroscope. This type of 


holvsis is termed “local” or “topographic 
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analysis.” Numerous other applications 
in which the spectroscope is able to give 
important information will arise. 

The type of spectrograph best suited 
to any particular type of work must be 
determined in each case. Since is 
hecessary to employ the ultra-violet por- 
tion of the spectrum the optical parts 
must be made of quartz. 

Iwo types of instrument are in gen- 
eral use. In one the entire spectrum 
from red to ultra-violet is photographed 
ona single plate. In the other, of higher 
dispersion, several different adjustments 
and settings are required to include this 
range of wave lengths. For many stud- 
ies the former type is large enough and 
it has the advantage in price. As a rule, 
the larger instrument serves a wider va- 
riety of uses and the extra cost is justi- 
fied. 


cover a rather wide range, and are mean- 


Cost estimates will consequently 


ingless unless associated with some spec- 
ication for performance. 

Phe technique of operating a spec 
trograph can be learned by any intelli- 
vent and painstaking laboratory assist 
ant. Tlowever, the development of 
methods, experience and an understand. 


ing of the principles are required, 
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fimating Chromium ino Low Alloy Steels 
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at heat treating temperatures 


GREAT deal of interest has been mani- 

fested in the scaling of metals in recent 
vears and attention has been repeatedly drawn 
to the loss of metal incurred in various heating 
operations. This effect has at times been em- 
phasized to such a degree that other related but 
important effects have been partially obscured. 
In the heating of shapes where the ratio of the 
surface to the mass is verv large — as in wire 
and sheets the metal loss in’ itself becomes 
of great importance. 

But formation of scale and the subsequent 
metal loss is closely related to the problem of 
maintenance Of size on finish-machined parts 
and to the avoidance of non-uniformity in sur- 
face hardness. Tf a litthe too much seale is 
formed the part may be undersize and the 
result is loss of the material and the labor costs. 
If, on the other hand, the part scales less in the 
heating operation than is expected, then addi- 
tional finishing costs are involved. 

Thin seale may prove favorable to de- 
carburization or the scale itself may affect the 
rate at which the heat is removed, depending 
upon the ease with which the scale is split’ off 
by the quenching medium. According to French 
“slight oxidation accompanied by good adher- 
ence, or heavy adherent scale such as might be 
expected on some alloy steels, tends to retard 


cooling even water quenching. All oxide 
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coatings become of more importance in less 
drastic quenching media in which the condi 
tions tend to preserve the continuity of the coat 
ing.” (Transactions, AJS.S.T., 1930, page Sto 

Scaling resulting pitting may. still furth 

complicate the quenching problem by increas 
ing the gas adherence. 

Reaction of furnace refractories with seal 
furnishes a further need for the control of tu 
nace atmosphere. Necessary data for such cor 
trol are now being accumulated. 

In the January issue of the Transactions 
Dr. Murphy and the author presented the 
sults of a fundamental study of scaling of stec! 
a study sponsored by the Committee on Indus 
trial Gas Research of the American Gas Ass 
ciation, and carried out at the University o! 
Michigan. It considered the effect of tempera 
ture over the range 1000 to 2000) BF. for tou 


simple sealing agents: Oxygen, air, carbon «i 


oxide and water vapor. The time factor, rat: 
flow and diluting agents were also studied 

tesults of this investigation, while meces 
sary to the complete understanding of scaline 
of steel, are not always casily translated to mis 


tures of gases such as occur gas-lires 


furnace. Its atmosphere may introduce the 
fect not only of nitrogen as a diluting agent 
that of carbon monoxide and hydrogen as 


ducing agents and, with a very large exces 


METAL > 


| 
} 
| 
4 
j f 
Se 4 
res 
| 
et 
| 
1 
{ 
| 
© 
i 
| 
ad 


|. even unburned hydrocarbons. As a step 
the direction of connecting these data to the 
ditions existing in the complex atmospheres, 
sults were also presented to show the effect 
various Combustion atmospheres at different 
nperatures on a low carbon steel. 

It is my present plan to deal entirely with 
the effects of these various atmospheres, which 
we obtained by burning city gas with different 

r ratios on a number of the more common 
steels. Results given are for one temperature: 


The steels used are essentially those 
used by Murphy and Jominy in their studies of 
scaling at forging heat (23007 reported in 
Engineering Research Bulletin No. 21, 1931. 

lhe method of carrving out the tests is the 
sume as that deseribed in January Transactions. 
lhe samples, which are 2's in. long, 0.625 in. 
diameter, and finished with OO emery, were in- 
troduced into an electric tube furnace in a 
stream of purified nitrogen; the furnace was 
brought to temperature, the nitrogen cut off, 
ind the desired scaling medium (gas and air) 
turned on. One hour later the scaling almos- 
phere was cul off, nitrogen again turned on, 
md the sample quenched in’ distilled water. 
the sample was then stripped electrolytically 
ind the loss in weight determined. Scale split 
off was also weighed, for a check. 

Scaling tests at 1700) F. on five carbon 
stecls are summarized in the first figure (lower 
left group). Space limitations prevent the pub- 
lication of the numerical data. It may be said, 
however, that the atmospheres were obtained 
by burning city gas with air in ratios varving 
irom about 1:5 to 1: 


of the furnace atmosphere showed any free ox- 


When gas analys 


veen, there was no CO or H. present, and vice 
versa. Under our conditions, the latter two, 
When present, were generally found in approx- 
nately the same amounts. 


A comparison of these curves with Murphy 


Jominy’s for scaling at 2300) F. points to 
some very significant facts. At 2500) FL the 
edium carbon stee!s scale most rapidly and 
high carbon steels at a lower rate. At 1700 
©. the same order of sealing is followed with 
and high carbons more closely grouped. 
\s would be expected, the rate of scaling 
very much decreased with temperature, the 


ling losses in atmospheres varving from 15 


1933 


to 0% CO being less than that in 1 min. at 
2500 with an atmosphere carrying CO. 
Scaling losses at forging temperature are re 
duced only about 30°. on going from no carbon 


monoxide to 12',, and then 90°) or more on 
going to CO, while at 1700) a very ap 
preciable reduction in scaling occurs with the 
presence of only 1 CO (with the possible ex 
ception of SALE. 1090) steel). 

The 1020, 1030, 1050, and carbon 
steels all show a very definite tendency to in 
crease in scaling rates as the percentage of cat 
bon monoxide is decreased below 2°,, with a 
much more marked tendency as zero is ap 
proached. With free oxvgen present the tend 
eneyv for further increases in the rate of scaling 
again becomes more pronounced between zero 
and 1° the rate of increase in scaling falls off 
with further additions up to FT 

This slowing down of the rate of increas: 
of scaling with increasing percentages of OX, 
gen, Which appears to take place to a greater 
extent with the low and the high carbon steels 
than with the medium carbon steels, may ac 
count for the statements sometimes made that 
a furnace atmosphere carrving appreciable pet 
centages of oxvgen is “neutral” to a steel. 

Blackburn and Cobb contirm this increas 
in rate of scaling due to the presence of small 
percentages of oxvgen in the Journal of the So 
ciety of Chemical Industry, Vol. p. 
Scaling effects on a low carbon steel at D830 I 


Adding 


oxvgen to the “neutral furnace 


were measured as gain ino weight. 
and 
atmosphere” carrying carbon dioxide, water va 
por, and nitrogen, the sample gained 0.57 and 
1.37 oz. per sq.ft. respectively, whereas 1°. CO 
without oxvgen caused only O.24 oz. gain. 

As indicated in the present work, the pres 
ence of 1) CO reduces very appreciably the 
scaling over that obtained ino atmosphere ap 
proaching the “neutral type” and percentages 
of oxvgen less than To) may double or triplh 
the sealing rate. 

The effect of the various combustion at 
mospheres on the sealing of a group of alloy 
steels is quite similar to that observed for the 
carbon steels. The figure on page 33 summarizes 
and compares the results. An abrupt chang 
is again observed in the scaling characteristics 


when relatively low percentages of carbon 
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xygen Per Cent Carbon Monoxide 


Comparison of Sealing Loss of Five Common Steels, One Hour at Heat Treating Temper- 


ature (17000 BF.) in Various Combustion Atmospheres Lower Left With Similar Data 


for 40 Min, at Forging Temperatures (2500 


“J. Curves at right by Murphy and Jominy 


monoxide are present, occurring over a some- 
what wider range of atmosphere composition 
and at slightly higher percentages of CO. 

The percentages of carbon monoxide re- 
quired to bring about appreciable reductions 
are still very low when compared to the per- 
centages required at 25000 where 10 to 12°, 
CO was necessary to cut the sealing by half. 
three-quarters of the scaling of the “neutral at- 
mosphere” and 15%. insures a reduction 
for all but the 1110 steel. 

It will be observed that the scaling effects 
in the “neutral atmosphere” are not unlike 
those of the carbon steels. In atmospheres car- 
rving higher percentages of carbon monoxide, 
the sealing effects for all five alloy steels are 
quite similar to those for high carbon. steels. 
On the whole, the alloy steels maintain their 
same relative orders of scaling over the entire 
range. The effect of free oxvgen in the com- 


bustion atmosphere on these alloy steels is ap- 


parently similar to its effect on the high and low 
carbon steels. 

Attention has been called to the harmful 
effect of sulphur) numerous occasions 
Murphy presented data before the A.S.S.T. con 
vention last fall showing that it very materially 
increases the scaling losses in the forging range. 
and is appreciably absorbed by the steel. 

Tests made in duplicate at 17000 FF. indicat 
that the presence of sulphur again increases thy 
scaling losses — though naturally to muc! 


lower degree than at 2500) Enough to mak: 


0.10 to 0.12% SO. was introduced into the fue! 
gases, Which were burned to a complete com 
bustion atmosphere. Losses by sealing alle! 
one hour are as follows: Steel 1020, 0.091 Ib 
per 100) sq.in.; steel 0.095 Tb. per 
sq.in.; steel F140, 0.092 steel 3130, 0.082 1) 
per 100 sq.in. Similar tests on steel 
sulphur bearing atmospheres containing | 


CO and another containing 2.35, O. showed 


scaling losses of 0.071 and 0.107 Tb. 
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Comparison of the above figures with the 
ilts shown on the curves for atmospheres 

e of SO, indicates that its presence has in 
cases caused an appreciable increase in the 
rates of sealing. Differing from its behavior 
230005 SO. appears more active as an ac- 
lerator of scaling with an atmosphere of 4 
to 0 CO than with either the complete com- 
bustion atmosphere or with 2 oxygen present. 

In the presentation of the data, the per- 
centages of oxygen or of carbon monoxide have 
been used as the criteria of the type of atmos- 
phere. In addition to oxygen and carbon mon- 
oxide, all of these atmospheres carry water va- 
por and carbon dioxide as active scaling agents, 
and in the richer gas-air mixtures, hydrogen 
and (with the very high carbon monoxide con- 
tents) methane as non-sealing agents.  Ob- 
viously the presence and effect of these various 
agents are related to the percentages of oxvgen 
or carbon monoxide present. 

The various agents present, however, may 
have another effect and that is decarburization. 
Jominy, in Engineering Research Bulletin 18 
(University of Michigan), 1931, has shown that 
moist hydrogen at 1600 to 17000 F. is a vers 
effective decarburizer but that the effectiveness 


of carbon dioxide is greatly reduced by equal 


or greater percentages of water vapor; also that 
scale formation inhibits decarburization. While 
these are factors and effects beyond the scope 
of the present paper, it is necessary to recognize 
them in the final interpretation. 

The significance of the effects of the changes 
in the character of the furnace atmosphere on 
the extent of the scaling of steel and its related 
effects can perhaps best be brought out by a 
few illustrations of the application of the data. 

Consider, for example, a stress relieving 
treatment for a forging made of O.45'. carbon 
steel and weighing slightly over six pounds. 
Such a forging will approximate 100) sq.in. of 
surface. Assuming a temperature of 17007 F 
and a time at temperature of one hour, the dif 
ference in the metal-loss when the forging ts 


heated in an atmosphere which contains 2' 


oxygen and in one which contains 2°. carbon 
monoxide becomes surprisingly large when ex- 
pressed as thickness of metal. 

According to the curves, a 1015 steel would 
lose 0.025 Ib. per 100 sq.in. of surface in one hour 
at 1700) in the reducing atmosphere. This 
means a surface loss of slightly less than 0.001 
in. In an atmosphere containing 2°. oxygen, 
however, the same part will lose 0.11 Ib. or 0.001 


in. in thickness of metal. (Cont. on page 62 


6 T Prof, Upthegrove'’s Tests on Scaling Loss of Alloy Steels 


at 1700 


FF. Show That 2 CO in a Furnace Atmos 


phere Is as Protective as 16 Would Be at 2300 F, 
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More on the — PROPONENTS of the 
Pr acticabiliny large dirigible have criti- 
cized the May editorial 
of Dirigibles “In Memory of the Akron” 

on the basis that it pre- 
sented only one view and also that it errone- 
ously inferred from early stories of the sur- 
vivors that the ship broke in the air, whereas 
Lieut-Commander Wiley’s final testimony before 
the Board of Inquiry makes it appear probable 
that she withstood the violent buffeting until 
she was blown, tail down at a steep angle, into 
the water. 

Therefore the following is given, in an ef- 
fort to summarize the attitude of those who 
sill believe this type of flving ship is useful 
and practicable: 

The log of the rescue ship, the Phoebus, 
notes that a “wind force 10” (a full gale 60 
to 70 miles per hr.) was blowing at the time 
of the disaster. ‘If the Akron did not suffer 
inajor structural damage while she remained 
in the air, it is a fair conelusion that her 
Strength was suflicient to meet even this par- 
licularly violent storm. 

Much evidence was presented as to the 
‘taunchness of the ship, both in its final flight 
ind during previous encounters with stormy 
veather. Such doubts as are expressed are 

ot as to the design and construction of the 
raft, but as to the wisdom of scheduling a 
light when adverse weather conditions were 
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reported within the area to be traversed. 

It is easy to be wise after the event, and 
point out that the course was direct into the 
storm, but suddenly the Akron, which had 
so far been flying in air conditions of remark- 
able uniformity, entered a region deseribed 
by Wiley as “exceedingly turbulent atmos- 
phere.” No direct evidence is available as 
to the cause of the ship's final plunge, other 
than strong vertical wind currents. The Ak- 
ron was equipped with very positive means 
for checking a loss of altitude, but some of 
these are of an emergency nature and the 
Captain might hesitate to use them unless he 
had positive evidence that a crash was im- 
minent. 

The future task of designers must there- 
fore be to develop more precise auxiliary 
navigational equipment which will reflect 
continuously the altitude of both ends of the 
ship, the nature of the wind forces acting on 
the structure, the ship’s “condition of heavi- 
ness.” and her true path and rate of motion 
along this path. Constant wireless communt- 
cation with meteorological stations, despite 
lightning storms and static, is also essential. 

With positive information of this kind, 
the captain would be fully warned of impend- 
ing difficulty, and could choose his course and 
flight altitude so as to avoid difliculty. 


Kegs DOUBTLESS most of the 

RB beer drinkers, cither of pre- 
for prohibition or of quite re- 
cent persuasion, are unaware 
of the fact that the common wooden beer keg 
is lined with pitch, think of it! pitch! “Aged 
in the wood” means something to whiskey but 
nothing to the less fiery liquid, for even brief 
contact with seasoned oak introduces a tainting 
taste. Hence the keg gets an internal swabbing 
with pitch, which may at intervals be burned 
out and easily renewed. 

This very lining of pitch enables the steel 
industry to stage a vigorous drive for new busi- 
ness in beer kegs. If pitch will protect: beer 
from wood, why would it not also protect com- 
mon steel from beer? The answer is that it 
will; but imagine the task of selling the idea 
to a beverage-industry that knew nothing about 
pitch-lined containers! 

Stainless steel and aluminum have many 
important advantages over wood for barrels, but 


also have the one overpowering disadvantage 
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of high price. What is needed is something 
thal costs no more than a keg — and this the 
sheet steel industry can offer in plain carbon 
steel, pressed to shape and welded at the joints. 
The principal production problem is to make 
the lining stick to smooth metal; this has been 
solved by A. O. Smith Corp. with a special pitch 


having strong adherence, and by Murray Body 


Corp. with a roughened or porous metal surface. 

Kither of these concerns, having a wealth 
of experience in handling and welding sheet 
and thin plate, has long ago solved any man- 
ufacturing problems which might arise in the 
fabrication of tight drums. To hold business in 
the automotive industry, it has been necessary 
for them to modernize their equipment and 
methods continually. They surely are far in 
advance of representative cooperage shops in 
this respect. Likewise it is easy for them to get 
any quantity of metal, but properly seasoned 
wood cannot be had overnight. It would ap- 
pear that their competitive position is excellent. 

It should be easy to demonstrate to brew- 
masters that the steel barrel is interchangeable 
with the old-fashioned wooden keg. They are 
hot merely just as good, they are better 
lighter and sturdier. They may easily be 
cleaned and sterilized. They can be made the 
sume shape and size as the wooden barrel, so 
they will handle and stack in the customary 
way, and take their place on existing convey- 
ors and filling equipment without any trouble 
whatever. To the common objection that a 
metal barrel in the sun will absorb so much 
heat as to endanger its contents, the steel in- 
dustry offers a double-walled barrel (a “ther- 
mos” barrel) at a competitive price and con- 
siderably lighter than a wooden one. 

It would appear that the principal thing 
to look out for is the outside appearance. A 
beer keg is washed at both ends of the trip, and 
stored in damp places. Bare steel rusts badly 
under such circumstances. Steel barrels may be 
painted, plated, slushed or chemically treated, 
but beer kegs are handled none too gently, and 
such protective coats will not last very long. 
Yet it is certain that customers will not like to 
handle rusty kegs, nor will drinkers particu- 
larly relish the contents of such an unprepos- 
sessing container, 


When the continual maintenance of paint 
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on exterior and pitch on interior is taken ip‘ 
account, perhaps the most economical bar; «| 
after all (despite the high first cost) will be 
stainless, “clad,” aluminum or alloy barrel. | 

troduction of such expensive materials will 

slow, as long as the brewing industry is so short 
of ready money, but there is one feature that 
will be looked into carefully by the progressi, 
concerns: A small container (“keglet™) for 
home delivery in place of a case of bottles. Do- 
mestic trade will demand attractive containers, 
and might readily pay enough to warrant thy 


bright, corrosion proof allovs now available. 


Laugh of IN spreading newspaper 
Le M advertisement of the com- 
pany that) promotes “fresh 
gasoline” appears photo- 
graph of an elderly gentleman patronizing! 
smiling at a pair of innocents (male and fe- 
male) and waving his hand at a sagging spring 
says thi 


on a screen door. “See that spring,” 


chemical engineer. “It had plenty of strength 
when it was new. But now look at it. Sony 
thing has gone out of it. Age also harms 

That's bad enough, but chalk up one strok 
to the credit of that same ad: The artist didi! 
dress the chemical engineer in surgeons’ togs 
If the account executives (as they are called 
in the best advertising circles) have learned to 
distinguish between the attire of these two pro 
fessions, perhaps eventually they ll get around 
to having their technical allusions checked up 


by a technologist. 


READERS of the Foreign 


Correspondence, month 


News from 
he S 
= oviet month, have found only two 
or three contributions from 
U.S.S.R. This has not been because of any lack 
of interesting things going on over there, and 
attempts on our part to discover a regular co! 
What appears 


to be a satisfactory arrangement has now bee! 


respondent to tell about them. 


made with B. M. Suslov, an English-writing 
metallurgical engineer at present attached to 
the research department of the “Trust Gro 


neft.” His second letter appears on page 1. 
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STRENGTH 


By H. Bornstein 


Deere & Co. 
Moline, 


control of alloying elements 


AST month, in the article, “Cast Iron as an 
Engineering Material,” an attempt was made 
to present the principal characteristics of gray 
cast iron which recommend it to designers of 
machinery. The present article will discuss the 
specific influence of the common alloving ele- 
ments and the commercial production of high 
test iron, so-called. The third in the series will 
appraise briefly the role of heat treatment in 
inproving the physical properties. 

The elements ordinarily found in cast iron 
have been extensively studied and information 
about them is so widely held that the situation 
nav be summarized thus: 

Carbon is the most important element, and 
the effect of the others is largely the effect which 
they have on the carbon. Carbon in gray iron 
occurs In two forms: (1) Free carbon or graph- 
te and (2) chemiéally combined carbon or iron 
carbide. If the casting analyzes very low in 
combined carbon the matrix is largely ferrite 

is it would be in steel). With about 0.6 to 0.7", 
ombined carbon, the matrix is nearly all pearl- 
‘ce. As in steel, with other factors equal, the 
‘rength and hardness increase with increase in 
mbined carbon or pearlite. 

The metallic matrix of gray iron is filled 


ith thousands of curved flakes of graphitic car- 
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bon. These flakes are soft and weak and are 
responsible for the lack of ductility in cast iron 
and the ease with which it can be machined. 
Graphite flakes have an effect on the strength of 
cast iron according to (1) size, (2) shape, (5) 
distribution, and (4) amount, and these facts are 
the basis of many of the high strength irons to 
be discussed later. 

Phosphorus combines with the iron to form 
iron phosphide (Fe.P) which dissolves in’ the 
iron. Phosphorus has an embrittling effect on 
the iron which materially reduces the deflection 
values in the transverse test. 

Vanganese in gray iron has two forms 
manganese carbide, which is associated with 
iron carbide and pearlite, and manganese sul- 
phide, which occurs as small slate-colored in- 
clusions throughout the metal. In the ordinary 
commercial ranges, it has effect on 
mechanical properties. 

Sulphur occurs largely as manganese sul- 
phide and infrequently as iron sulphide. Under 
proper operating conditions the sulphur does 
not seem to exert harmful effects on gray iron 
in amounts up to as high as 0.15'., provided 
there is suflicient manganese present. 

Silicon is in solid solution in the ferrite and 


is not observable under the microscope. It pro- 
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motes and assists the decomposition of the com- 
bined carbon into graphite. In changing white 
iron to gray, through graphitization, silicon 
makes the commercial production of gray iron 
practicable. For strong irons, just suflicient 
silicon should be used to insure decomposition 
of all the free iron carbide (massive cementite), 
but the decomposition of pearlite into graphite 


and ferrite gives a weaker and softer metal. 
Alloying Metals 


Nickel is usually added to gray cast iron in 
amounts from 0.25'. to 5.0% for general engi- 
neering applications, often in combination with 
other alloying elements. Nickel influences ma- 
chinability, texture, hardness, density, and heat 
and corrosion resistance. 

Nickel acts as a graphitizer and does not 
form a carbide. In small amounts, it reduces 
chill and softens the iron by suppressing free 
carbide (which is hard) and thus promotes ma- 
chinability. Larger amounts harden iron by 
forming a matrix of sorbite and martensite, 
rather than pearlite. The range of hardness 
wherein gray iron is machinable is increased by 


the addition of nickel. 


Nickel promotes density and freedom from 
porosity by permitting the use of a low silicon 
iron for light sections without danger of getting 
chill or hard spots. Nickel up to 4‘ in iron of 
suitable base composition promotes uniform: \ 
of grain, hardness, and strength throughout sec- 
tions of considerabie thickness or in castinys 
having uneven sections. 

As the amount of nickel is increased from 
10 to 18°. there is a gradual change in structure 
to non-magnetic gamma iron with correspond. 
ing important changes in properties. Austenitic 
gray irons such as “Ni-resist” (nickel 14, copper 
3.9, Chromium 3 to 6, silicon 2, and carbon 3°, ) 
are practically free from growth and are non- 
scaling at temperatures up to 15007 F. They are 
much superior to non-austenitic irons for resist- 
ing action of various acids, alkalis, salts and 
other corrosive agents. 

Chromium is essentially a carbide-former, 
in contradistinction to the graphite-forming ele- 
ments such as silicon and nickel. In suflicient 
amount it increases the combined carbon and 
tendency to chill — that is, chromium-iron dou- 
ble carbides are more stable than straight iron 
carbides and graphitize less readily. 


Chromium reduces the graphitic carbon 


Comparative Cast lrons Without and With 0.25°° Molybdenum. Both 


have 3.15 fotal carbon and 
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tent and decreases the flake size, and favors 


formation of more finely laminated and 


harder pearlite. For suitable base irons these 
ects add to tensile strength, promote finer 
iin size, and increase hardness. Above a cer- 
fain maximum (usually about 1{ chromium in 
soft iron and with medium section) free car- 


hides appear which hinder any machining oper- 


ation. Unless graphitizing alloys such as nickel 
are added, 3°. chromium irons have entirely 
white fractures — that is, graphitization is to- 
tally prevented. Higher percentages of chro- 
mium may be added to produce special purpose 
white irons where freedom from scaling, tough- 
ness, or chill are desired. 

The carbide stability conferred by chro- 
mium is useful in the heat treatment of gray 
cast iron, inasmuch as excessive graphitization 
does not offset the advantages conferred by 
structural changes within the matrix. It also 
increases the tensile strength at elevated tem- 
peratures and minimizes tendency toward 
orowth. 

Volybdenum enters into complex carbides 
and also into ferrite solid solution. As a carbide 
former, it is much less drastic in action than 
chromium, As shown in the comparative micros 
opposite it causes the graphite flakes to be some- 
what less extensive in form with a consequent 
improvement in physical properties of the iron. 
(The writer would like to acknowledge help 
from R. S. MacPherran of Allis-Chalmers Mfg. 
(Co. in the illustrations.) 

Molybdenum is very valuable and perhaps 
the most effective element added to gray cast 
iron to increase strength and toughness. The 
pearlitic structure approaches the sorbitic if suf 
ficient molybdenum is added. It also retards the 
critical transformation, making the volume 
changes less drastic and the rate of graphitiza- 
tion slower. Such effects help in heat treating 
processes and also in the retention of strength 
it elevated temperatures. Molybdenum is also 
aluable in increasing the resistance to growth 
cast iron. 

Vanadium is added to cast iron in amounts 

irving from about to about The 
tlowing effects are observed: (1) Interference 
vith graphitization, that is, stabilization of ce: 
ientite; (2) smaller graphite flakes and more 


tiform graphite distribution under given cast- 


NE, 1933 


ing and cooling conditions; (3) tendency to re- 
tain the sorbitic structure; (1) decrease of grain 
size of matrix. These are obviously the effect 
largely of carbide stabilization. 

Titanium has a graphitizing influence on 
cast iron like silicon but stronger than that ele- 
ment in small amounts. This involves, of course, 
an increase in ferrite formation and a decrease 
in the chilling tendency when titanium is added. 
Oxidizing and scavenging effects of titanium on 


cast iron have been reported. 
High Strength Iron 


Tremendous progress has been made in the 
United States in the past half dozen vears in the 
production of high strength cast iron. Up to 
about six vears ago 35.000 Lb. per sq.in, was con- 
sidered high and, until the adoption of the tenta- 
tive specification by the American Society for 
Testing Materials last June, the standard high 
strength iron called for a minimum tensile 
strength of 35,000 Ib. per sq.in. Today there are 
many foundries that are regularly producing 
cast irons with tensile strengths upwards of 
090,000 Ib. per sq.in. 

Many methods are used. In general, it may 
be said that the higher strength irons are pro- 
duced through low total carbon content (3°. and 
less). They may be made by various melting 
processes such as the cupola, air furnace, elec- 
tric furnace, rotary furnace of the Brackelsburg 
tvpe, and certain combination processes. 

In the cupola process, a high percentage ol 
steel is usually used in the mix and a portion of 
the silicon is added to the ladle. Frequently, 
nickel is also added in order to improve thie 
machinability, and other alloys such as chro 


mium or molybdenum are sometimes added 


High Strength Irons From Cupola 
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“4 Some very practical suggestions as to methods 
of manufacture were made by F. B. Coyle in 
Mera Progress, February, 1931. Representative 
analyses and properties are given in the table 

at the foot of page 39. 
The air furnace is used to produce high 
] strength cast irons and a typical air furnace iron 
giving minimum tensile strengths of 50.000) Tb. 


per sq.in. is as follows: 


Total carbon to 3.00% 
Combined carbon 0.65 to 0.75 
Silicon. 1.80 to 2.20 
’ Manganese ee 0.40 to 0.60 
« Phosphorus ..0.16 to O18 


This method gives a Brinell hardness of 190 


: to 220 on the test bar. The structure is fully 


pearlitic, similar to high strength cupola iron. 


Semi-Malleable Tron; Carbon Double 
Treated to Tensile Strength Over 100,000 Lb. 
per Sqdn, 1 little graphite, a little ferrite, 
mostly laminated pearlite. 2000 magnifications 


The machining speed is from 90 to 135 ft. per 
min. with stellite and about 300 ft. per min. with 
tungsten carbide. 

The adjoining table gives the analysis, 
strength, and hardness of typical high strength 
irons made in the electric furnace. A is a nickel- 
chromium-molybdenum iron used for automo- 
tive castings. The iron B has molybdenum as 
the sole alloving element. The last has medium 


strength without alloys and fairly high carbon. 
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Flectric Furnece /rans 


A |e 
Anelysis | 
Tote/ Carbon 5.02% 35.17% 24 
Silicon 2.36 2.47 2.47 
Sulphur 0.086 0.061 0.077 
Phosphorus 0.13 0.154 0.16 
Mangenese 0.82 0.90 0.90 
Nicke/ 0.44 
Chromium 0.57 
Molybdenum 0.58 0.26 - 
Tensile Strength | 54,000 | 50,000 | 40,006 
Brine// Hardness 247 228 192 


Duplex melting for high quality castings is 
frequently employed. The metal is melted in 
the cupola and then refined and superheated in 
the electric furnace or air furnace. The combi- 
nation is used because, for high production, the 
combined melting cost is lower than melting 


cold metal in the electric furnace or air furnace. 
Special Cast Irons 


Mechanite is the trade name applied to cast 
irons where the molten metal has been treated 
with calcium silicide (a patented process). The 
metal may be melted in the air furnace, cupola, 
or electric furnace. A large proportion of scrap 
is usually emploved, and the composition is ad- 
justed so as to produce a metal which would |x 
a white iron in case the calcium silicide wer 
not added. The latter acts as a graphitizer and 
also produces a fine graphite structure. Resull- 
ing properties are described by Oliver Smalley 
in Progress, May, 1982. 

Promal is a patented heat treated malleabl 
iron. The annealed malleable iron is heated al 
about 1450) F. for a definite period of time (dé 
pending upon the section of casting) and then 
oil quenched and drawn. This treatment in 
creases the combined carbon from practical!) 
zero to about 0.35°,, with a resulting increase 1 
Brinell hardness and strength, and a small loss 
in ductility. Wear resistance is much improved 

Zeron Metal is another patented produc! 
and a modification of malleable cast iron, Thy 
regular malleable white iron analysis is use: 
except that the manganese is higher, rangin: 
from to 


trolled according to the following schedule so o> 


Annealing is carefully co! 


to leave definite amount of spheroidiz 
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Zeron Metal; Spheroidized Cementite in a White Tron, 
Heat Treated by Complex Process to 75,000 Lb. per 
Sy.dn., 156° Elongation and 175 Brinell, 1000 diameters 


cementite in the casting, resulting in higher ten- 


sile strength and greater hardness: Heat at 


1700) and hold 20 hr., cool to about 110007 F., 
reheat to 11007 F.. cool to 10007 F.. reheat to 
and hold for 25 hr... and cool in air. 


Physical properties are then as follows: 


Tensile strength 70.000 to S000 
Yield point 55.000 to 60,000 
Elongation ... l4 to 16 


Brinell hardness 170 to 180 


Semi-Malleable Cast lrons — There are a 
number of these made today. A white iron is 
lirst produced and this is given a special heat 
treatment which partially graphitizes the car- 
bon. Such a structure is shown on page 40. 
lhis iron has a carbon content of 2.31. and 
It was held at 1700) F. for 8 hr.. 


air quenched, reheated to 12007 F. for 15 min., 


silicon 1.37¢, 


and oil quenched. This gave a tensile strength 
of 107,000 Ib. and 2.5°, 


Ford Motor Co. has developed a special heat 


elongation in 2 in. 


treated iron which it has patented, claiming that 
this metal has the desirable properties of both 
ialleable cast iron and gray cast iron. An iron 

about 3.5°, total carbon and 2.7‘. silicon is 
ured into a metal mold. The quick cooling 
ippresses large graphite flakes. The casting is 
ien heated to 1600 to 1700) F. for 1 to 3 hr. and 
iis gives a metal with Brinell hardness of 228, 


id the carbon collected in small rounded par- 
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ticles, a structure analogous to malleable iron. 
After machining, the casting is heated to 1500 
F. to 1600) held 10 and oil quenched. 
It is then tempered. According to the patent 
specification the carbon is then more finely dis- 
tributed in small nodules, and the matrix a mix- 
ture of martensite, troostite and sorbite. Articles 
such as camshafts and push rods are made by 
this process. 

Brake Drams — Cast iron brake drums are 
a recent development now being used largely in 
the automotive industry. Many types of iron 
are being used: One prominent manufacturer ts 
using a molybdenum electric furnace iron of 
high strength; another foundry is producing an 
air furnace iron without alloy addition, while 
still another is supplving an air furnace iron 
with about 1‘ nickel. 

For bus service another foundry supplies a 
cupola iron having a tensile strength of 35,000 
to 10,000 Ib. per sq.in. with the following typical 
analysis: Total carbon 3.30°,, silicon 2.00, sul- 
phur 0.08, phosphorus 0.20, manganese 0.600, 
nickel 1.20, and chromium 0.60.) This iron has 
a pearlitic structure with some free cementite, 
and it is claimed that this free cementite has 


proven beneficial in service. (Cont. on page i) 


High Alloy Tron; a Brake Drum Containing 
Chromium Heat Treated fe Brinell 325 
and 85,500 Lb, per Sqdn. 250 magnifications 
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Correspondence 
and foreign 


letters 


The rel- 


atively high cost of 


Turin, 


Steel Buildings 


of oa New I ype structural steel pre- 


vailing in Italy, com- 
pared with other building materials, has been a 
great handicap to the development of steel 
frame buildings in this country. During the last 
30 vears the requirements of modern architec- 
ture have therefore been met preferably by re- 
inforced concrete, 

But in the last few vears, the substantial 
reduction of steel prices having removed the 
main obstacle, Italian architects have given 
more and more attention to this type, and many 
large buildings have been erected with steel 
skeletons or are now under construction. 

The new fusion welding processes — now 
so largely used here for all types of steel con- 
struction and especially in shipbuilding —— have 
been applied with great success. Many large 
steel office buildings, especially northern 
Italv, have been entirely welded. 


One of the firms which has worked with 
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much success in this field is the Societa Na. i- 
onale delle Officine di Savigliano of Turin. It js 
now developing an entirely new type of ste! 
building, invented by the architect Guido Fiori 
This new system is named flensistruttura (which 
could be approximately translated “tension 
structure’) and consists of a special static ar- 
rangement of tension members to balance tly 
total weight of the structure about one or mor 
central piers, whose type and special dimensions 
are particularly designed to withstand the com- 
pression stresses. The advantages claimed ar 
as follows: 

1. More than two-thirds of the members of 
the structure can readily be reduced to a few 
simple standard units. With the exception of 
the central portion, which is loaded with stresses 
increasing from the top to the base, all the rest 
of the building is free from the weight of the 
upper floors, so that the frames of all the floors 
are identical. 

2. Due to the generous use of tension rods 
for main members, much weight of metal is 
saved, since a long tension member carrying a 
certain load may be made much lighter than a 
strut or column for the same duty, because the 
latter must be stiffened against buckling. Though 
exact comparisons of a general character are 
very difficult to make, it may be stated that in a 
number of specific designs the weight of stee! 
per cubic foot for buildings of the new system 
is only about 70°. of the weight of steel used 
under identical conditions for conventional steec! 
skeletons. 

5. Since the building is practically sus- 
pended around a central structure, only that 
central portion rests on the ground. There ar 
no outside posts. This leaves great spaces fre 
for display rooms or concourses on the mos! 
valuable portion of the site, or it readily allows 
of wide arcades for traflic at the street level 
For instance, a building cov- 
ering 1100 sq.m. has an area 
of the central structure rest- 
ing on foundations of only 
790 sq.m. 

1. The reduction of the 
numberof foundations means 
a great reduction their 


total cost. This economy , 


may reach 50‘. 
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fhe French architects Le Corbusier and 
neret have adopted this type of building in 
scheme for the construction of a new sec- 
of the city of Algiers. Aside from a purely 
architectural point of view, which appeals 
st mngly to the present-day school, this new SYs- 
tem of construction has many interesting possi- 
hilities to metal makers and builders. Partic- 
ily it appears to upset the former division of 
ficld between steel skeletons and reinforced 
oncrete frames. 
Feperico 


Senna Japan quenched 
More Light i I 
carbon steel is very hard 


anes Temper and brittle, but if it is tem- 


Brittheness pered at a high tempera- 
ture and cooled slowly, it 
acquires a certain degree of toughness. The 


toughness of some special steels, however, in 
the tempered and slowly cooled state is less than 
when tempered and quenched. This abnormal 
action is called temper brittleness, and is usually 
explained by the presence of carbides. Quite 
recently Saburo Watanabe and Kivoshi Naga- 
sawa further developed this theory and were 
able to explain many particulars concerning the 
phenomenon, 

At first they studied, statistically, tests on a 
large number of different steels and arrived at 
the result that temper brittleness depends on the 
nature of the elements added to steels — that is, 
on Whether or not they are more soluble in fer- 
rite with rising temperature. Thus, the ele- 
ments chromium, manganese, silicon, nickel, 
ind phosphorus certainly promote temper brit- 
tleness, While sulphur, molybdenum, and tungs- 
ten do not. The solubility of an element in the 
lirst-mentioned group should increase with tem- 
perature, as is shown by line CBA of the left 
(iagram, and that of the others should remain 
constant as is shown by BA in the right-hand 
Clagram., 

A closer investigation reveals the fact that 
re are two kinds of temper brittleness: One 
ikes itself evident after reheating within the 
ve 10 to 520) C. (850 to 970) F.) and is not 
ected by the rate of the final cooling; the 
er Variety occurs after heating above 520°C, 


dit makes a large difference in toughness 
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Whether the specimen is quenched from. the 


tempering temperature or slowly cooled. This 
second variety has hitherto been known as 
“temper brittleness.” To distinguish these two 
kinds Watanabe and Nagasawa have called 
them “first temper brittleness” and “second 
temper brittleness.” 

To aid in the explanation of the experi- 
mental and practical facts it should be remem- 
bered that when martensite of an alloy steel (a 
supersaturated solid solution of a carbide) ts 
tempered at different increasing temperatures, 
precipitation of the carbide takes place at a 
gradually increasing rate. Let us suppose the 
horizontal width of the shaded area in the left- 
hand diagram to represent the amount of the 
precipitated carbide at each corresponding tem- 
perature; then C’B’ is the curve of precipitation, 
DB’ being assumed to be the maximum amount 
of carbide possible. Above temperature D 
(520° CC.) carbide again dissolves into ferrite, as 


shown by the solubility line BA, so that the 


Jempersture 


Per Cent of an ‘ement 


Structural) Diagrams Representing Alloys Whose 
Solid Solubility Decreases With Decreasing Tem 
perature (Left) and Systems Where Solid Solu 
bility Is Substantially Independent of Temperature 


amount of free carbide gradually diminishes 
with the rise of temperature and vanishes at the 
temperature 

Now if quenched steel is tempered some- 
where below the temperature J), the amount 
of carbide precipitated increases with the tem- 
perature (at first slowly and then rapidly) until 
D is reached; the amount existing after a given 
low heat treatment remains, however, unchanged 
by subsequent slow or rapid cooling. On one 
hand, precipitation of carbide increases the 


toughness of the martensite; presence of hard 
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carbide within grains or on grain boundaries 
decreases, on the other hand, the toughness of 
the specimen. Hence a curve plotting impact 
value against tempering temperature would rise 
slightly and be concave downward, as seen from 
the left-hand portion of the curves in the dia- 
vrams at the bottom of this page. 

This is the “first temper brittleness” and 
must be independent of the rate of cooling from 
the tempering temperature. 

By tempering at a temperature higher than 
D (9205 the free carbide produced during 
reheating up to 520) is absorbed more and more 
in ferrite as the temperature rises above that 
figure. But during a slow cooling to room tem- 
perature, this absorbed carbide is again set free, 
and the amount which is present in the cold 
sample is the same as though the quenched 
On 


the other hand, if the specimen is quenched 


metal had merely been reheated to 5200 C, 


from the high tempering temperature, the ab- 
sorbed carbide remains as such. Hence speci- 
mens Slowly cooled after tempering from above 
5200 C. contain a greater amount of free carbide 
and therefore have a smaller impact value than 
specimens quenched after the same tempering; 


this difference between the impact values in- 


Curves Showing Relation of Impact Strength of Quenched and Tempered 
Steels, as It Varies With Tempering Temperature and Speed of Cooling 


creases With the rise of temperature up to 
point where carbide has the maximum solu! 
itv in the steel. 
This is the “second temper brittleness” ay ¢ 
is usually known simply as “temper brittlhenes 
From the above view, not only a quenched 


also annealed steel should show | 


but 


“second temper brittleness.” provided the solid 


an 


solubility line is as shown in the left-hand dis 


gram. An actual test on a_ steel containing 
1.055 Cr, and 3.440 Ni confirms this 


conclusion. 
It is a well-known fact that molybdenum ot! 


‘ 


only prevents the second temper. brittle- 
ness in nickel-chromium steel; this is explained 
by the effect of molybdenum in changing thy 
solubility curve from the form ABC to a straight 
vertical line AB, 


Koraro Honpa 


ARIS, id Jeter 

Measuring Paris, France — Determina 

Ny L tion of the exact geomet- 
moothness 


rical condition of a metallic 
Ly Optics 


surface is quite important 


for many investigations 
(and if simple methods could be devised they 
would doubtless find ready industrial use) 
Among these may be mentioned the study of 
machinability, excellence of polish, and the etti- 
ciency of sundry abrasives. Precise studies of 
corrosion, chemical protection, or electroplating 
all require an accurate estimate of the initial 


and final condition of the surface. Condition 


\flerward 
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Chromium Stee/ 


Man 
0.42 % C, 1.24% Cr 
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enese Stee/ 
Mn 


Nicke/ Chromium Stee/s_ 
O.33%C, 0.85% Cr, Ni =—0.33%C,0.78% 
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the surface also affects problems of friction, 


ication, high-frequency noises, impact and 
vue, 

fo define this geometrical state, one may 

sually have recourse to the following means: 

1. Direct metallo- 
eraphic study of the sur- 
face by changing the focus 
or the nature, intensity, 
and incidence of the illum- 
ination. 

2. Examination of 
velatine molds reproduc- 
ing the surface in detail, 
by methods described by 
W. N. Thomas, Engineer- 
ing. (London) Oct. 12, 1932. 

4. The same result may sometimes be ob- 
tained by magnifving the movements of a fine 
point resting on the surface (Firestone, Durbin, 
and Abbott, Progress, April, 1982). 

lt is also possible to have recourse to sound 
waves. Thus, R. Ek. W. Harrison makes the sur- 
face move like a phonograph record under the 
sapphire point of a pick-up connected to an 
amplifving system. The pitch and the regular- 
itv of the sound and the electrical currents in- 
volved are then observed. 

Phe above procedures can hardly be adapted 
to rapid control methods. For that purpose the 
present writer some vears ago proposed to meas- 
ure the reflective power by suitable photometers. 
the photo-electric cell now gives an accurate 
ineans of measuring the intensity of incident 
and reflected beams, independent of the per- 
sonal equation. 

In order to be specific, two examples con- 
nected with the study of corrosion may be cited 
as applications of the above principles. 

A. An estimate of the degree of polish in 
i sample prior to corrosion: When the polish- 
ig is rectilinear, the reflected light depends on 
the angle of incidence «a (that is, the angle 
formed by the luminous ray and the surface) 

id on its azimuth w (that is, the angle of the 
cident plane with the direction of the polish- 
4). Reflection is at its maximum when «a 
and w 9). If the amount of reflected 
‘ht is plotted as a function of a, it has the 
ipe of a bell, and the maximum is more pro- 


unced and greater as w approaches 90 and 
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as the polishing abrasive is finer and _ finer. 

The result is that “perfect” polishing, which 
resists corrosion so well, is not defined exactly 
by such a method, since the least variation of 
incidence has an influence on the intensity of 

the reflected light, and it is true that a 

rigorously plane surface is not easily ob- 

tained over a large area, On the other hand, 
reflection from a rough polish (favorable to 
corrosion) depends more upon the azimuth 

w of the beam, which must be accurately 

controlled. Sand blasted surfaces are more 

easily measured, since the amount of re- 
flected light is then independent of the 
azimuth. 

B. Estimate of the result of corrosion: 

Corrosion manifests itself by a decrease of 
the reflective power, which in turn is a function 
of the intensity and of the type of corrosion, 
as | pointed out in Merat Progress last July, 
but the usefulness of measuring the reflectivity 
of a corroded surface is limited, since it ts not 
very sensitive if the corrosion is intergranular; 
furthermore, the reflective power after general 
corrosion is sometimes modified very little. 

When corrosion is of the pitting or penetrat- 
ing type, the curve representing the variation 
of the reflective power as a function of the etch- 
ing time has an exponential or parabolic form, 
since such corrosion multiplies and deepens the 
pits and widens the craters. 

If etching colors the surface, measurements 
must be made in monochromatic light, and the 
intensity of the reflected light must be deter- 
mined through monochromatic filters. Experi- 
ence has proved that radiations of single wave 
lengths are suflicient to define, in’ practice, a 
complex color. 

In conclusion, it may be said that these 
colorations are due to the formation of thin 
films. If the refractive index of the film = is 
known, its thickness may be calculated by the 
interference effects set up on the light waves. 
The best known example is tempering colors, 
Analyses of these colors produced on various 
steels show very clearly the differences between 
the oxidation speeds at working temperatures. 
We shall give later some examples and appli- 
cations of the classification of the color of metals 
and alloys. 

Abert Porrevin 
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“gn At the Leipzig Tair some 
for Graded 


products were exhibited 
Hardening which were new to the 

steel treating fraternity 
in our country. One most interesting thing was 
a sectional tank, fitted with a plate glass front, 
so that visitors could witness the quenching of 
hot steel into various mediums. Of the latter, 
some quite remarkable results were secured in 
a combined oil and water bath; this oil was 
refined by the German Houghton Co. in such 
a way that all saponifiable matter had been 
extracted, so that even if the oil and water were 
stirred very vigorously, the oil would settle to 
the bottom immediately. 

It has been found that carbon and low alloy 
steels hardened first in the water layer for a 
definite time and then dropped into the oil 
below showed a greater Rockwell hardness than 
had been obtainable even with cold water alone, 
and a much stronger structure and higher 
toughness besides. 

The following figures are surprising but 
have been verified by several series of independ- 


ent tests, 


Rockwell C Hardness After Various Quenches at 45 F 


a 
ce VON-15 \Jungsten 
Water 64 66 
Light Oi! 44 50 45 
Weter 2 Sec.,Heavy Oil 50.5 66 
Water 4 Sec., Heavy Oi/ 58.5 55 | 66.5 
a Water 6 Sec., Heavy Oil 83 56.5 69.5 
: Water 8 Sec., Heavy Oil 66.5| 585| 69 
Weter 10 Sec., Heavy 65 or 68.8 


Steel VCN-15 is similar to S.A.B. 3125. The 
tungsten steel had about 1.5'. carbon and 
tungsten —an analysis used for the rifling of 
guns. It usually is very brittle after a water 
% quench; in these tests the samples would ordi- 
narily break in the water bath. Pieces quenched 


10 sec. in water and then cooled in the heavy 
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oil underneath frequently broke spontaneo. 
shortly after withdrawing from the bath, jy: 
strangely enough the pieces 6 sec. in water (ry 
so tough that an attempt to break them on ay 
anvil failed. 

Another byproduct of quenching in “i 
heavier than water” is the discovery that in 
many cases a drawing of the temper is unneces- 
sary. Through the slow cooling in oil after a 
graded water quench, all internal strains seem 
to be relieved and the pieces become so fine- 
grained and tough that no further treatment is 
required. The original high hardness obtained 
through the water quenching thus can be re- 
tained without risk of cracks. 

This new hardening method seems to open 
great possibilities for the hardening of all steels 
except oil and air hardening high alloy steels 
Results obtained are in general agreement with 
the theory of “graded hardening” as set forth 
by Dr. Diergarten in Progress for March 
By using a combination quenching bath (heavy 
oil underneath clear water) a practical means 
is provided for quenching a small piece quickly 
to a certain temperature — governed thy 
time of immersion — and then cooling slowly s: 
that the retained austenite can transform di 
rectly into a tough structure of ferrite and 
cementite. 

R. KimBara 


W; d Monrreat, Canada (MeGill Uni 
sdom 

versity) Mav I offer a small 
Ribbon 


correction for the April issue ot! 
Merat Progress? Giolitti’s 
Italian letter, p. 47, he refers to the “wisdom 
ribbon.” This should have a capital “W,.” as 1! 
is named after its inventor, Stuart A. Wisdom, 
of the staff of Shawinigan Chemicals, Ltd. 
Quebec, and a graduate of MeGill University 
For readers who are not familiar with this, 
a few words of description might be in plac 
The ribbon consists of a 
coil of strip steel like a 
glorified tape measure. A 
number of these are suit- 
ably supported in the steel- 
work above the furnace. 


The free end is welded to 


the sheath of the Séderberg 
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ctrode and the escapement is controlled by 
itable brakes or ratchets. The strip unwinds 
the electrode descends, and from time to time 
w coils are attached to the sheath; this gives 
ry good and safe control of the lowering of 
e electrode as it is consumed. 

GORDON SPROULE 


Grosny, USSR. As is 


well known, a number 


rom 0.1 Ore 
I of wholly new indus- 


tries have been created 
in the Soviet Union since 1924, among them the 
manufacture of machine tools, tractors, automo- 
biles, and chemical apparatus. These demand 
much high grade steel, of which vanadium is an 
essential constituent, and an effort has therefore 
been made to establish a ferrovanadium indus- 
try in the U.S.S.R. 

sufficient amount of vanadium com- 
pounds to supply our needs as catalysts in the 
production of sulphuric acid and other chem- 
icals has been produced since 1931 in the Rare 
Metal Works in Moscow. This is purely a by- 
product of the refining of radium ore mined in 
the Ferghana field in Turkestan. While the 
chemical methods used are of great interest, and 
are a matter of considerable pride to us since 
they were developed by Soviet specialists, they 
do not promise to be of use in the production 
of ferrovanadium, since the supply of this ore 
is very limited. 

Geological surveys have so far failed to lo- 
cate any ore bodies containing sizable percent- 
ages of vanadium. The best prospects for suc- 
cess seemed to be the treatment of one of several 
iron ore deposits, and a semi-commercial plant 
is how in operation at the Kerch Steel Works 
(which makes basic bessemer steel rails and 
structural shapes, and is located in Crimea near 
the Black Sea). “This plant operates on a large 
deposit of hydrated phosphoric iron ore con- 
laining from O11 to 0.17% V.O.. Suecessful 
eXtraction of such small amounts of vanadium 
‘rom the above-mentioned ore has represented 
(most difficult problem; it probably is done no- 
vhere else in the world. 

In regular smelting this ore is first dried 
ind sintered by Dwight-Lloyd machines, and 


he clinker (containing about 0.10°° vanadium) 
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reduced into pig iron 
for basic converters. 
The iron analyzes 0.11 
to and nine- 
tenths of it eventually 
finds itself the 
phosphoric slag (used 


as fertilizer). 


For the purpose 
of extracting the va- 
nadium, a ladle of the pig iron is oxidized with 
about 2.5°, its weight of low phosphorus tron 
ore. Some of the silicon, manganese, and about 
one-third of the vanadium oxidize and pass into 
a very liquid slag, which is about equal in 
weight to that of the ore used; however, it 
analyzes 10 to 20 times as high in vanadium as 
the pig iron, which latter, of course, is: then 
available for conversion into steel. 

In order to extract the vanadium out of the 
ladle slag, the latter is treated chemically by 
the following method developed at the Institute 
of Rare Metals by Prof. M. Sobolev. The slag 
is mixed with 10° of common salt and finely 
ground, after which it is subjected to a chlor- 
idizing roasting in a reverberatory furnace at 
1500) FF. for 38 to thr. About three-quarters of 
the vanadium is thus converted into a soluble 
sodium vanadate (NaVQO,) which is) simply 
leached out with hot water. 

Phosphates passing into solution are pre- 
cipitated by magnesium salts, and filtered out. 
Solid lime (CaQ) is next added to the hot clear 
solution and the mixture is agitated with live 
steam, and soluble NaVO) is converted into 
insoluble Ca(VQ_). and settled out, 

With the aid of an electric smelting process 
using ferrosilicon it is possible to obtain a stand- 
ard 40°, ferrovanadium from this calcium vana- 
date. Thus the total amount of vanadium which 
can be extracted out of the pig iron amounts to 
approximately 25°. by weight of the vanadium 
contained in it. 

The first experimental plant was manufac- 
tured in the Soviet Union under the supervision 
of our own specialists and is capable of process 
ing o tons of slag daily. It is expected to raise 
its efliciency until it will produce 10 tons of va 
nadium a vear, which is a large part of our pres- 
ent requirements. 

B. M. 
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CHAKLOTTENBURG, Germany 


Gage foe 
File Tes 


Your discussion of the file test 
for hardness has been of in- 
terest to us at the General 
Electric Co, plant, since we are convinced by 
much use that it is an excellent means of testing 
steel tools. Various other types of hardness 
testers have been highly developed, and one of 
them (Rockwell) generally favored for hard- 
ened tools, although too much faith is often 
placed in its dependability. It, like every other 
machine, needs careful attention and frequent 
calibration for precise work. Its two disad- 
vantages are that the area tested is exceedingly 
small, and that the large pressure required will 
bend any projecting part, punch through sheets, 
or break thin, hardened cases. If the part has a 
uniformly hard and fine microstructure, and 
considerable mass, a Rockwell machine in good 
order is very satisfactory. 

On the other hand, the file can test a con- 
siderable area and be placed directly at the spot 
Which should be hard. Pressures are relatively 
slight and the effect of clastic movements in the 
piece tested can therefore be minimized. It al- 
so leaves the surface almost unmarked, and 
does not break through a nitrided case, for in- 
stance, thus testing the very surface rather than 
the metal underneath. 

File testing has one well-known disadvan- 
tage it depends upon the operator, his physi- 
cal condition of fatigue and his general nervous 
sensitivity. Moreover, the files have not been 
standardized, and new ones from different 
manufacturers have different tooth forms and 
hardness. They also dull with use. 

To compensate for these errors, it is pos- 
sible to provide a series of balls or rings of in- 
creasing hardness, such as used by the file 
maker to control his production, and make fre- 
quent comparison with them. We have found 
that it is exceedingly diflicult to harden and 
anneal to uniform surface condition a series of 


comparison pieces within the necessary toler- 
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ance. Furthermore, German file-makers’ sta) d- 
ard numbers have no logical relationship to | \\e 
scale of any of our better-known hardn: ss 
testers; one unit also corresponds to 1.5 t 
Rockwell C units. 

A much more handy and usable device has 
been patented by me and produced by Richard 
Weber & Co. of Berlin. 
round bar of carbon tool steel about 4 in. long, 


It consists of a 


mounted in a wooden handle. Along the length 
of the bar is ground a flat surface about !,-in. 
wide. This bar is heat treated so that the Rock- 
well hardness is, say C-66 at the end and C-57 
at the handle, the change being by insensible 
gradations. Hardness of each bar is explored 
by a single Rockwell tester in precise adjust- 
ment, and the scale of numbers etched on the 
flat surface at the proper place. 

Testing procedure, using one of these gages, 
is as follows: Take the hilt of the file in the 
right hand and the gage in the left, and tik 
(“touch”) the gage on the spot marked with the 
desired hardness of the tool to be tested, using 
the flat of the file, not the edge. Then take the 
tool to be tested in the left hand and “touch” it 
with the file (same spot). The resistance to the 
touch must be the same. If it is not, try either 
to the right or left of the first spot on the gage 
for the area corresponding to the hardness of 
the piece, and read off the number directly. 

Rockwell hardness numbers so determined 
are directly applicable if the tools are made of 
carbon steel, like the gage. With alloy steels a 
correction must be made according to experi- 
ence with approved tools of such analyses. In 
all tests the proper procedure is to work within 
a tolerance, that is, the hardness of a given 
piece should be specified between two limits, 
say C-63 and C-64, and this area used on thy 
gage bar. 

Surfaces on the piece being tested and com 
parative surfaces on the gage should be of th: 
same nature —that is, flat against flat, edy 
against edge, and round against round. Pieces 
of large diameter or large flats will seem co! 
siderably harder than pieces giving small co! 
tact with the file; this amounts generally to less 
than one unit, and should be allowed for by th 
specification engineer. 

Bertrotp Buxsaum, Dr-Ing. 
Betriebsdirekt 
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TELEPHONE LINES. . . putting 
her in instant two-way commu- 
nication with a larger world— 
broadening her interests and ex- 
tending her influence—render- 
ing more simple the important 
business of managing a house- 
hold. No item of home equip- 
ment contributes more to the 
ecurity, the happiness and the 
fheiency of millions of women 
than the telephone. 

The telephone has helped to 


lake the nationa neighborhood 


t{MERICAN 
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TELEPHONE 


and keep you close to people and 
places. Quickly, and at small 
cost, you can talk with almost 
any one, anywhere ...in the 
next block, the next county, a 
distant state, or on a ship at sea. 

There are times when being 
**in couch” is vital, urgent... 
a sound in the night, a whiff of 
smoke, a sudden illness. There 
are times when the mere con- 
venience of the telephone gives 
it an important place among 


life's necessities to shop 


AND 


TELEGRAPH 


trom your home, to chat with 
a friend, to handle, quickly and 
efficiently, the varied duties of 


And 


many times daily 


a busy household. there 
are times 
when the telephone is the indis- 
pensable right arm of business. 

To make this possible, the 
Bell System provides millions 
of miles of wire and the ser- 
vices of an army of trained em- 
ployees. They stand ready to 
answer vour call; they offer 


you the service of a friend. 


COMPANY 
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Concentrates 
from the 


literature 


developments in very large blast 

furnaces have been necessary during the 
last five years, according to W. A. Haven 
(“American Blast’ Furnaces,” British Iron & 
Steel Institute, May meeting). These large fur- 
haces are exceptionally eflicient when “slow 
blowing.” When driven hard they require more 
heat in the blast, and to avoid building more 
stoves, the trend has been to reline old shells 
with multiple-hole checker tiles and use cleaner 
vas. Metal bottoms (cast iron columns and steel 
satisfactory supports for 


vrids) are more 


checker work than masonry arches. Extra 
cleaning is generally done by wet scrubbing in 
towers, and is the most effective means of re- 
ducing metallic losses. The biggest item in re- 
ducing cost of pig iron has come from the bene- 
liciation of ore, coke, and limestone. This in 
cludes sereen sizing of coke and control of its 
physical characteristics. Much lake ore is now 
washed; most BLAST FURNACES sinter the 
flue dust. Mr. Haven thinks it will not be 
long before fine ore (say !y in.) will also be sin- 
tered, whereupon a single furnace can probably 
produce 1500 tons of pig iron daily. Outstand- 
ing economies have been attained through a 
more profitable use of the gas, as for heating 
coke-oven retorts and soaking pits, or mixed 
with other gases in open hearths and in various 


heating furnaces, 


RAPID method for dephosphorizing or 
deoxidizing steel invented by Rene Perrin, 
manager of the Electric Steel Co. of Ugine, was 
mentioned in’ Progress last February. 


As deseribed in) Revue de Meétallurgie, Jan., 


50 


1933, it is based on the fact that the above tyo 
reactions between slag and steel interfaces a 

balanced reactions (in the physico-chemic | 
sense), which may be accelerated if the area of 
contact surfaces be increased — other things be- 
ing equal. Mr. Perrin’s plan for DEPHOs- 
PHORIZATION is to melt a very basic slag (3 
to 10%, SiO... 60 to 20 to 35% FeO). 
thin it with fluorspar, place about 15 in. of it in 
a tall, narrow ladle, and dump 15 tons of steel 
into it from a considerable height. The violent 
shock sets up a great stirring action, and a 
metal-slag emulsion is formed which ascends 
through the steel and reaction is complete with- 
in 60 see. Phosphorus analyses before and 
after are of this order: O.14 to 0.015; 0.060 to 
0.022 to 


tion occurs, even though ingot teeming takes 


No rephosphoriza- 
20 min. Similar practice deoxidizes steel with 
a very acid slag. At the Ugine works this is 
prepared in an electric furnace over a bath of 
steel (the latter to conduct current). A’ prac- 
ticable composition is 70°. SiO,, 25°) Na.O, 

CaQ. Representative analyses of oxygen in the 
steel before and after are to O.O16' 
0.083 to 0.265, to . 


IRST step in the preparation of a chrome 

ore or magnesia cement for lining an Ajax 
Wyatt induction furnace is mixing the cement 
with water. P. S. Kingsley, writing in May 
Metals & Alloys, prefers to mix the cement just 
before use to avoid evaporation. Tempering 
over night is not necessary if the water has been 
added in small amounts and the mixture thor- 
oughly raked. The water should be carefully 
measured, as even 2 variation is harmful. In 
ramming too great a force will cause flow of th: 
cement already with consequen! 
cracks; the author recommends a riveting ham 
mer. Too much cement should not be rammed 
at one time because the top layer will be harder 
and denser. A 3-in. coating with the surfac: 
well broken up so the next laver can bind into 
it will prevent layer cracks. The RAMMED 
LINING is allowed to dry 18 hr. at room tem 
perature and the wooden core of the secondar) 
channel burned out with a resistance strip. Th: 
cement is then baked 48 hr. at 2007 F. and 48 hi 


at 100° also” preferably with resistance 
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Producers Zinc die castings 
look Anaconda for Zinc that 


ANACONDA 


from mine to consumer 


FOR ZINC that ts pure, many producers of zinc die castings look to 


Anaconda for their base metal requirements. They know from long 


experience that they can depend on “Anaconda Electric.” CADMIUM 
Made by the electrolytic refining process . . . pioneered and developed : 

é Cadmium plating 
by Anaconda ... Anaconda Electric Zinc is 99.99 +*, pure. This high gains new adherents 
everv vear. For this 
standard is guaranteed by the world’s largest producer of Zinc. and other applica- 
tions throughout 
Anaconda Electric Zinc is supplied in 50 Ib. slabs clearly marked industry, Anaconda 
ANACONDA ELECTRIC.” The use of this uniformly dependable pure is widely used 


metal makes possible zinc base die castings of unsurpassed quality. 


Sales Agents 


UNITED METALS SELLING COMPANY 
25 BROADWAY, NEW YORK 
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GOOD STEEL. 
MADE BETTER 


the ladle 


In sheet steel for deep-stamping and es- 
pecially automobile work, the value of 
adding TAM FCT (Ferro-Carbon Titan- 
ium) to the ladle is reflected in a more 


uniform, ductile and durable product. 


Many prominent mills, moreover, find 
that the yield of good steel is increased 
by this ladle addition and that sounder, 
cleaner surfaces are produced. Obvious- 


ly, this reduces costs. 


The many years of practical experience 
which TAM engineers represent are at 
your disposal. Let their recommenda- 
tions enable you to apply TAM FCT to 
your specific requirements . . . to make 


good steel better. 


In addition to TAM FCT, there are 
other special TAM metallurgical alloys. 


Call in a TAM Engineer to help you 


on any class of steel. 


THE 
TITANIUM ALLOY 
MANUFACTURING CO. 


General Offices and Plant: 
NIAGARA FALLS,N. Y., U.S.A. 


Executive Offices: 
Il Broadway, New York City 
Pacific Coast Representatives: 
Balfour, Guthrie & San Francisco, Los An- 
acles, Portland, Seattle, Tacoma, Vancouver, B.C, 


Great Britain and Europe: 
T. Rowlands & Co., Ltd., Sheffield, Eng. 
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strip. Final heating is done with a gas tore) 
flame turned low and gradually increased. A 


special water-cooled torch is illustrated. 


girs by Wiest on the influence of grain 

size on lattice parameter, and by Bain on 
its influence on hardenability, have led Prof, 
Arthur Phillips and R. M. Brick to the con- 
clusion that GRAIN SIZE and grain boundary 
effects may be of considerable practical im 
portance in alloy equilibrium systems.  Thei 
investigations of these effects (reported in 
Journal of the Franklin Institute for May) wer 
made on fine and coarse-grained wire and sin- 
gle crystals of aluminum copper. -rays 
termined the relationship between solubility 
limits and grain size. The solubility line of 
fine-grained material intersected the eutectic 
(518 C.) at 5.6% Cu-— the generally accepted 
limit — but single eryvstals were calculated to 
hold 7°. Cu in solution. At lower temperatures 
the lines appeared to converge. Conductivity 
tests at elevated temperatures to determin 
solubility were in close agreement with th: 


\-ray data. 


HE May Lecture of the British Institute of 

Metals was given by Prof. Albert Portevin 
on the “Quenching and Tempering of Alloys.” 
He pointed out that recent studies have proven 
that so many alloys can be improved by heat 
treatment that the allotropic transformation of 
iron makes the heat treatment of steel a rar 
and exceptional case. He also pointed out that 
whereas it is generally possible to secure 
physico-chemical equilibrium in an alloy, as de- 
fined by the equilibrium diagram, and also a 
state of elastic equilibrium (where interna! 
stresses approach zero) structural equilibrium, 
or complete separation and agglomeration ot 
phases, is only an ideal. Since QUENCHING 
puts an alloy in a state of non-equilibrium, an) 
other cause which disturbs equilibrium may be 
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oked upon as giving the same effect as 
quenching. Or, stated in another way, there 

iv be as many theories of hardening as there 
re causes Which disturb equilibrium; they fre- 
quently correspond with the habits of mind and 
education of the respective theorists. Some re- 
quire mechanical models; others can explain 
things by energy and attractions. Unfortunate- 
lv the practical importance of these ingenious 
theories has so far been zero. 

Since the phenomena of quenching are 
those of an unstable state, the dynamics must 
be studied —— that is, the changes must be meas- 
ured as they are taking place. Furthermore, 
simultaneous measurements should be made of 
is many physical properties as possible, such 
as dilation, resistivity, heat content, or magnet- 
ism. When the laws of quenching are known, 
detinite industrial applications and predictions 


can be made from them. 


A REVIEW of the post-war literature about 

fakes in gun steel shows that) expert 
opinion, which then held that these small in- 
ternal fractures in alloy steel are due to oxidized 
slag inclusions, has veered to the view that 
while the cracks are at boundaries of primary 
dendrites where slag inclusions naturally exist, 
they are really caused by internal stresses. — It 
is thought that volume changes taking place 
during the transformations Ar, and Ar. would 
be suflicient to cause fractures if these transfor- 
mations occur at different temperatures in 
closely adjacent) portions, as could easily 
happen if these portions of the highly alloyed 
outer zones of the dendrites have somewhat dif- 
ferent concentrations of the alloying elements. 
\ group of metallurgists at Technische Hoch- 
chule, Breslau, have re-examined the evidence 
nm FLAKES (abstracted in Metals & Alloys, 
\pril, 1933) and agree with the last-mentioned 
iew. They suggest that the smooth-surfaced 
lakes and the coarse granular flakes are essen- 


ally the same, but that they have formed at 
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The “Hoover Dam” 300,000 vole 
shock-proof G-E x-ray unit ready 


for shipment 


G-E X-Ray Equipment 
to radiograph penstocks 
at Hoover Dam 


HEN Babcock & Wilcox were awarded the 

penstock contract for the colossal Hoover 
Dam project, they found themselves faced with the 
mammoth task of checking every inch of all fusion 
welds by radiographic inspection. These fusion welds 
totaled more than 75 miles in length! 

Based on their experience with G-E x-ray equip- 
ment in their Barberton plant, Babcock & Wilcox 
turned to the General Electric X-Ray Corporation 
for apparatus which would fulfill these stipulations. 
As a result, they have been equipped with the 
300,000 volt oilimmersed x-ray unit shown here. 

This equipment, the most powerful shock-proof 
industrial x-ray apparatus in use at the present 
time, has its complete high tension system — trans’ 
formers, condensers, Kenotrons and x-ray tube 
completely immersed in oil and sealed within a 
compact tank or “head.” This head will be so 
mounted that the x-rays can be quickly directed at 
any angle required. There is no possibility of acci 
dental high tension shock, as the only external 
wiring is at low tension, connecting the head, con- 
trol stand, and power source. 

Write today for our profusely illustrated descrip 
tive brochure “Industrial Application of the 
X-Ray.” Address Industrial Department. 


GENERAL @ ELECTRIC 
X-RAY CORPORATION 


2012 Jackson Boulevard Chicago, IIL,U.S.A 
Branches in Principal Cities 
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HEAT AND CORROSTON 
RESISTANT ALLOY CASTINGS 
FROM OUNCES TO TONS 


GENERAL ALLOYS 


Cc M PAN Y 


BOSTON - 


Burner type heating machines prove ad- 
vantageous for local hardening, local an- 
nealing and local tempering. . . . . 


@ No initial heating up period. 
@ No initial fuel consumption. 
@ Simplicity in operation. 
@ Large output. 


Write for details. 


American Gas Furnace 
Company. . Elizabeth, N. J. 


Concentrates 


different stages of the processing. The authors 
exclude “woody fracture” and nodular or con 
choidal fractures from the category of flakes 
Remedies suggested have to do with the casting 
of fine-grained ingots, reducing primary segre- 
gation by long annealings, heating and cooling 


very slowly through the transformation. 


GING of sheet) steel increases stretches 
strains and decreases ductility.  Quanti 
tative data were prepared by R. Griffis, R. L. 
kKenvon and R. S. Burns and presented at the 
May meeting of the American Iron & Steel In- 
stitute. Uniform, high quality sheets were used 
and changes in physical properties indicated by 
means of stress-strain curves, the variables be 
ing amount of cold work, aging temperature, 
and aging time. Freshly rolled sheets show no 
sharp vield point, but after AGING for LO min 
at 212) F. the curve flattens oul at the vield point 
Increasing aging time increases the clonga 
tion at the vield point, raises the vield point and 
tensile strength, and decreases total clongation. 
The higher the aging temperature, the less th 
lime required to show a sharp vield point on a 
tensile test. Severity of stretcher straining in 
creases with aging time and temperature. The 
sume changes occur at room temperature but 
require days and weeks instead of minutes. In 
creasing the amount of cold work in all cases 
delaved the aging effect and the appearance ot! 
stretcher strains but is not of much practical 


value because of impaired ductility. 


EVERAL essential considerations have been 

observed by the British Navy in its de 
development of are WELDING FOR WAR 
SHIPS to a point where it is the general policy 
to use it in lieu of riveting in metal up to *, in 
thick, according to Lillicrap (Engineering 
April 11). Among these is that high strength i 
the weld metal for principal joints is secondary 


to ductility; the latter (Cont. on page os 


METAL PROGRES‘ 


=f 
| 
2 
| d 
A 
54 


Freedom from distortion can be 

Quenching of Steel 
obtained only in a Steel which read- — 
ily responds to all types of machin- . +. an answer to your problems 


ing and can be hardened at low 
' By HERBERT J. FRENCH 


temperatures. late of the Bureau of Standards, 


now with International Nickel 


JESSOPS SHEFFIELD Company 


jew book is a comprehensiy e discus- 


STE EI ious cooling media (coolants). Cooling 
X 45484 properties are given for both surface and 
center cooling of a given mass of steel 
meets these requirements because Data for center cooling are summarized 
graphically and in equations which per- 


of a special annealing treatment 


mit computation of center characteristics 


and a proper balancing of the Car- of various sizes and shapes of steel 
bon. Manganese and Tungsten con- 

\ pages, Ox Y, 105 adlustra 
ing and instructive leaflet on this 


subject: will be mailed on request. 


WM. JESSOP & SONS 


Vail Your Order Today 


‘ K r oO R A r Db 
1857 Fulton St Frederick St. Euclid Ave | l ( al l ne Cleveland, 


THE R. R. MOORE 
FATIGUE TESTING 
MACHINE 


A thoroughly practical and reliable 
machine for determining the life 


of metals. Adaptable to various 


shapes and sizes of specimens. 
e It has proven its value in the 
laboratories of scores of industrial 


corporations, government depart- 


ments and universities. 


WRITE FOR OUR PAMPHLET ON FATIGUE TESTING 


Detroit Representative THE THOMPSON GRINDER COMPANY 


STEEL CITY TESTING LABORATORIES 
Detroit, Mich. 1534 WEST MAIN STREET ++ SPRINGFIELD, OHIO 
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Ask for These to Keep up With Progress 


Art of Metallography 


Bausch & Lomb Optical Co. offers 
a 130-page book, “Optical Insiru 
ments for Examining Metals,” which 
is a beautifully executed source of 
information on this subject. The 
book is at once a convenient refer 
ence text on optics, a treatise on 
photomicrography and a catalog of 
B.& L. products. Bulletin Jn-35. 


Laboratory Ware 


\lundum laboratory ware, made 
by Norton Co., is strong, has high 
heat transfer properties and a long 
life. To clean, simply wash and 
ignite to constant weight. A book- 
let deseribing its applications for 
liltration, ignition and incineration 
attractively shows shapes and sizes. 
Bulletin Jn-88, 


Sheffield Steel 


Win. Jessop & Sons, Inc., in a re- 
cent publication explain why their 
Shetlield| Superior oil hardening 
Steel does not distort and is easily 
machined. They assign as reasons 
a special anneal and a proper bal- 
ancing of the carbon, manganese 
and tungsten contents. Full details 
are presented in Bulletin Jn-61. 


Melting Aluminum 


Aluminum and white metal alloys 
are easily and efliciently melted in 
the new model AT pot) furnaces 
made by American Electric Fur- 
nace Co, New design features make 
for accurate” temperature control, 
freedom from contamination of the 
melt and easy pouring. A complete 
description is given in Bulletin Jn-2, 


Resistance Wires 

Every user of electric furnaces 
will be interested in a new 40-page 
booklet prepared by Hoskins Manu 
facturing Co., to present data on 
nickel-chromium wire for electrical 
resistance use. A valuable feature 
is a new table of temperature emf. 
values on Chromel-Alumel thermo- 
couples established by the 
Bureau of Standards. Bulletin Jn24. 


Handy Charts 


Brown Instrument Co. has printed 
three handy tables on durable 
cardboard for use in the heat treat- 
ing department or laboratory: <A 
conversion table for the Fahren- 
heit and Centigrade seales, a table 
of melting points of chemical ele- 
ments and a heat color chart show- 
ing actual colors from 00 to 
2200 KF. Bulletin Jn-3. 


Furnace Heat Transfer 

The practical application of the 
coetlicient of heat transfer from fur- 
naces to material is emphasized in 
a new folder of Electric Furnace 
Co. The folder is a reprint of two 
recently published technical papers 
Which contain much valuable in- 
formation for operators of electric 
or fuel fired) furnaces. Bulletin 
Jn-30. 


New Type Furnace 

A new bell-type retort) furnace 
made by American Gas Furnace Co. 
can be used in quick succession for 
carburizing, nitriding, bright an- 
nealing in gas atmospheres, or for 
hardening, normalizing, tempering 
or annealing. It is an ideal heat 
treating tool where production is 
widely varied in character. Bul- 
letin Jn-11. 


Heat Resisting Paint 


A new booklet put out by E. F. 
Houghton & Co. describes their acid 
and heat resisting paint, Houghto- 
Kote, which can be applied to any 
surface to resist severe corrosion. 
It can be brushed, dipped or 
sprayed on and resists heat up to 
600° Bulletin Jn-38. 


Automatic Polishing 

The “Guthrie-Leitz” automatic 
polishing machine, product of E. 
Leitz, Inc., by means of a magnetic 
holding and oscillating device elim 
inates the human equation from 
specimen polishing. Pressure, speed, 
time and amount of abrasive can 
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ELECTRIC FURNACES 


IN ALL THE MODERN TYPES AND SIZES 
FOR EVERY INDUSTRIAL APPLICATION 


STREET 


TE FOR DATA ON YOUR OWN PROBLEM 


AMERICAN ELECTRIC FURNACE COMPANY | 


BOSTON, 


be controlled so that uniformly p 
ished specimens can be produc: 
even by unskilled operators. B 
letin Jn-47. 


BeryHium Copper 


A new copper alloy” possessi 
excellent physical properties whi 
may be greatly improved by heat 
treatment is described in a booklet 
of American Brass’ Co. Adding 
2.25', beryllium to pure’ coppe: 
produces the remarkable properties 
described in the booklet. Bulleti 


High Cr Cast Iron 


A pamphlet describing foundry 
production of cast irons containing 
from 15 to 30¢¢ of chromium has 
been issued by Electro Metallurgical 
Co. These cast irons do not grow 
or seale after repeated heatings and 
are excellent for high temperature 
work. Bulletin Ma-16. 


Welding Stainless 


An unusual amount of practical 
data is contained in a fine booklet 
just put out by Republic Steel Corp. 
which gives recommendations for 
welding the several Enduro stain 
less alloys. Generously illustrated. 
Bulletin Jn-s. 


Nitriding Facts 


Information on possible new ap 
plications of Nitralloy the 
nitriding process in view of recent 
developments may be obtained fron 
Ludlum Steel Co. New economies 
in production and a better product 
may now be obtained. — Bulletin 
Jn-94. 


Recuperators 

The complete story of recupe! 
ators built by Carborundum Co. for 
industrial furnaces is told in a read 
able booklet. The range of types 
available is described and the op 
erating conditions are outlined in 
a clear manner. Bulletin F-57. 


JUTHE 
GAS FURNACES 


MASSACHUSETTS 
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Furnace Parts 
rious parts for furnaces made 
alloys manufactured by 
| er-Harris Co. are pictured and 
ribed in an interesting publi- 
n. Complete performance data 
specifications of Nichrome and 
( max heat resisting alloys are 
in the booklet. Bulletin N-19. 


(,anides and Salis 
Metallurgists will find valuable 
ormation in an 80-page booklet 
plished by R & H Chemical De- 
tment of E. lL. du Pont de Ne- 
urs Co. Technical information 
the heat treatment of steels with 
evanides and salts is presented in 
a lucid manner. Bulletin D-29. 


Which Cast Iron? 

4 novel and very valuable self- 
reading chart for anyone inter- 
ested in cast iron has been com- 
piled by International Nickel Co. 
fhe device recommends analysis 
and heat treatment and gives physi- 
cal properties for cast irons suit- 
ible for 50 different applications. 
Bulletin My-45. 


Stainless Sheets 

\ very useful booklet describing 
the stainless steel sheets and light 
plates made by American Sheet & 
lin Plate Co. gives recommenda- 
tions for fabrication and a descrip- 
tion of finishes and analyses avail- 
ible. Bulletin Ap-96. 


Pickling Inhibitors 

\ pamphlet describing the nature 
ind use of Grasselli Inhibitors is 
ivailable to all those interested in 
the pickling of steel. It not only 
describes the merits of these in- 
hibitors, but it gives a table of sug- 
vested inhibitor strengths to be 
used in the pickling of the various 
grades of steel. Bulletin Ap-95. 


Closer Heat Control 
Anticipatory control action may 
be obtained with any pyrometer 
controller by adding the Deoscil- 
lator developed by Foxboro Co. A 
new folder tells how the device 
prevents over-controlling by aug- 
enting the thermocouple’ emf. 
when the temperature is low and 
opposing it when the temperature 
is high. Bulletin Ap-21. 


“Vee-less” Arc Welds 

New literature covering a very re- 
cent development in are welding 
has been prepared by Metal & Ther- 

it Corp. Known as Murex 
Straight Gap welding, the new proc- 
ess ¢liminates grooving or “veeing” 
the edges even of heavy plates. 
Welding time is halved and other 

ings are effected, it is claimed. 
Bulletin My-64. 


Heat Distribution 

lhe advantages gained by uni- 
m temperature — distribution 
ughout furnace charges are 
\¥ described in a publication of 
‘tinghouse Electric & Manufac- 
ng Co. In properly designed 
tric furnaces, heat can be ac- 
itely distributed and controlled, 
h resultant great savings in cost. 


etin MP-5-33. 
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To Prevent Rust 

The well known rust preventive, 
No-Ox-Id, is now available from 
Dearborn Chemical Co. as a foun- 
dation for paint. It is available in 
the colors red, gray or black. <A 
booklet explains how maximum re- 
sistance to corrosion can be ob- 
tained. Bulletin Ju-36. 


Low Cost Recorder 

Inexpensive dependability in 
measuring and recording tempera- 
ture is the great asset of the new 
Leeds & Northrup round chart Mi- 
cromax indicating recorder which 
brings the reliability and easy 
maintenance of the motor-driven 
null recorder to a new low cost. 
Bulletin Ap-46. 


Fatigue Testing 


That much discussed topic —fa- 
tigue testing——is covered in a pub- 
lication of Thompson Grinder Co. 
Interesting data on fatigue of met- 
als and a description of the rotating 
beam type of fatigue testing ma- 
chine are presented. Bulletin D-23. 


Big-End-Up 

Gathmann Engineering Co. brief- 
lv explains the advantages of steel 
cast in big-end-up ingots, showing 
the freedom from pipe, excessive 
segregation and axial porosity. An 
ingot-to-bloom vield of sound 
steel is the usual practice. Bulletin 
Fe-13. 


Extensometer 


A simple but rugged extensometer 
has been developed by Union Car- 
bide & Carbon Research Laborato- 
ries. A booklet describes how it 
works and how to use it for de 
termining either vield point or as 
a strain gage to show elongation 
under specified load. Bulletin 
Ma-63. 


Turbo Compressors 

A_ series of three bulletins is 
available from Spencer Turbine Co. 
describing their Turbo Compressors 
for oil and gas fired equipment and 


foundry cupolas. Sizes range from 
100 to 2,000 cu. ft., 1 to 300 h. p., 
8 oz. to 5 Ibs. Bulletin Fe-70. 


Cast Vanadium Steel 


Jerome Strauss and George L. 
Norris have written a_ technical 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings con- 
taining various percentages of va- 
nadium. The information given is 
complete and authoritative. Bul- 
letin S-27. 


Globar Elements 

Globar electrical heating units 
and a variety of accessories for 
their operation have been cata- 
logued by Globar Corp. A list of 
the standard industrial type heating 
elements and a coordinated list of 
terminal mountings and accessories 
is included. Bulletin N-25. 


Titanium in Steel 


An elaborate catalog prepared 
for technical readers describes the 
use of ferro-carbon titanium = in 
steel. Titanium Alloy Manufactur- 
ing Co. prepared it. The applica- 
tion of titanium in steels for forg- 
ings, castings, rails, sheets and 
plates is thoroughly described. Bul- 
letin J-90. 


Scleroscopes 


The model D standard recording 
scleroscope is described and illus 
trated in a recent publication of 
Shore Instrument Co. The theory 
and practice of hardness testing 
with this portable machine as de 
scribed in this bulletin reveal a 
fund of valuable facts. Bulletin S 
3a. 


X-Rays in Industry 


General Electric X-Ray Corp. has 
available a profusely illustrated 
brochure entitled “Industrial Applhi 
cation of the X-Ray.” which gives 
the complete story of the field of 
application of this modern inspec 
tion tool. Valuable information is 
presented. Bulletin Ma-6. 
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or Good Results... 


in Carburizing -Annealing 


Lead or Cyaniding, Furnace 


Parts, and all heat-treating 
applications... 


Specify: 
Nichrome* 
Chroma x* 
“Nichrome” 5 
Cimet 


“Trade Mark Keg. 
U.S. Pat. Of. made by 


DRIVER-HARRIS COMPANY 


HARRISON, NEW JERSEY 


Chicago—Detroit—Morristown, \. J.—England—France 
Cleveland Italy 


Vew England Representative 
Phe Stanley P. Rockwell Co. Hartford, Conn. 


A SHELL 
of PURE CARBON 


... prevents the loss of the ener- 
vizing materialin Char Carburizers. 
é and adds to the mechanical strength 
é of each particle. . . This means 
Pr low dusting loss and continuously 

uniform activity with minimum 


amounts of new added. 


CHAR 


CARBURIZERS 


Kor Kconomy and Quality Results 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BLDG. INDIANAPOLIS 
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Concentrates 


(Cont, from page 94) is secured by the ex- 
clusive use of heavily covered electrodes, kept 
quite dry in canisters. While internal stresses 
on the order of 20,000 Ib. per sq.in. may be ex- 
pected when welding parts rigidly fixed in 
place, these can be neutralized or avoided by 
careful design of lap (rather than butt) joints 
and correct welding procedure. Distortion (most 
evident in thin plating) is minimized by inter- 
mittent welding, welding from center toward 
ends, and using several runs with small gage 
electrodes. Any riveting (in composite designs) 
must be done after the welding in the vicinity 
has been completed. 

Welding of mild steel presents no difficulties 
and can be done as cheaply as riveting. When 
welding high tensile alloy steels (0.35°. carbon 
is the top limit) great care is taken to minimiz 
the heat effect by welding with minimum cur- 
rent (specified by the supervisor). Galvanized 
steel can be welded without removal of the 
coating; the zine does not harm the joint, but 


oxide fumes must be carefully ventilated. 


N ENTENSIVE study of steel castings was 
presented to the May meeting of the British 
Iron & Steel Institute as the “First Report o! 
the Steel Castings Research Committee.” This 
work was undertaken in 1927 as an investiga 
tion of existing castings, and the first part ot! 
the report discusses various defects such as 
blowholes, shrinkage cavities, and cracks, with 
particular reference to some columns and fis 
draulic evlinders. In 1928 the work was mor 
fully organized anda design for a steam head 
was submitted to a number of foundries. Sty 
teen experimental STEEL CASTINGS were th 
made according to proposals received from thi 
foundries as to the position of the runner and 
the casting in the mold. effect of variations 
the weight, area, and spacing of the heads a 
flanges, rate of filling the mold, and cast! 
temperature. These castings were tested a 


the report summarizes the findings. 
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On the Fastest Long Distance Flying 
Schedule In The W orld 


one United Air Line all 


both in service and in storage Likewise 


preserving their 
turers of machinery of all types in production, in 
will interest you in the remarkable effectiveness and economy 
problems. Recommendations will follow promptly 


DEARBORN CHEMICAL 
205 E. t2nd Street 


NEW YORK 


310 Se. Michigan Ave. 


metal planes of this type can cruise from co 
hours The two 550 hp. supercharged wasp motors are protected against rus 
cars of the finest electrica 


world are made safe from rust with NO-OX-ID. Over a hundred and fift 1ilwa ar i 
nterests use it Automobile manufacturers protect export shipments witl t And 
transportation industries use this reliable product, so do the great ga om 


pipe lines, the enormous ice industry where brine is 
shipment and in 
NO- Ox- ID. Tell 


COMPANY 


t witl ‘'NO-OX ID 


2454 Dundas Street 


TORONTO | 


FOR RESTRICTED BUDGETS 


There is real economy in the purchase of the B&L Routine Metallo- 
graphic Equipment SI right now! Here is a handy compact instrument that 
does the highest grade of work—at a price that fits it into even the most 


sak wer Bak The present day interest in alloys of all 


restricted budget. 
kinds and the demand for the highest quality in finished products, seri- 
ously handicaps the organization which does not have metallographic 
equipment. The SI enables the forward looking company to meet this 
demand at a price in keeping with today’s budgets . . In this in- 
strument are found such advantages as the permanently aligned optical 
system, fine adjustment which carries only the objective, and the direct 
illuminating beam from source to vertical illuminator. Such features 
make the finest work possible and give an accuracy and efficiency of 
performance heretofore found only in the most expensive equipment. 


“Optical Instruments for Examining and tnalysing Metals 


will be gladly sent upen receipt of the coupon 


A Hall of Science Feature . . . 


The Bausch and Lomb Exhibit. 


BAUSCH € LOMB #2: 


The S 1 Routine We tallographic Equipment 


Bausch & Lomb Optical Company 
638 St. Paul Street, Rochester, N. Y 


Please 


send me without obligation “Optical lastru 


for Framining and tnalvsing MWetals 


Name 

Firm Position 
Address 

City State 


Bal GLASS IS USED IN B&L MICROSCOPES, TELESCOPES, 


ACLE LENSES AND FRAMES «= - 


OPHTHALMIC APPARATUS, SCIENTIFIC INSTRUMENTS. 


a 
IRON-S SB RUST | 
The Original Rust Preventive 5 
5; 
| 
OF SS 
=SCHICAGO= 
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Columbia 


TOOL STEEL 


CLARITE TOOL 
HOLDER BITS 


represent the most 
economical cutting 
in terms of cost per 
pound of chips. 


TRY THEM 


COLUMBIA TOOL STEEL COMPANY 


: MAIN OFFICE AND WORKS 
500 E. 14TH STREET. CHICAGO HEIGHTS. ILLINOIS 


MERICA 


weet ANT TIN 
MPANY 


For Exacting Service 


Insist upon US S Steel Sheets— produced in a 
number of grades and finishes, and adapted to a wide 
range of applications. Write for literature and full in 
formation on the following alloys 


USS Curomium-Nickee Steels, Austenitic: 18-8; 18.12; 25-12 
USS Steels, Ferritics 12; 17; 27 


This Company also manufacture gh grade Black and Galvanized § 
Tin and Ver 


AMERICAN SHEET AND TIN PLATE COMPANY, Pittsburgh, Pa. 


Piates for all know 
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Strong Iron 


Experimental irons are being tried out con- 
stantly for brake drum use, for instance, a very 
high chromium iron with analysis as follows: 
Total carbon 1.84, silicon 1.96, chromium 24.0 
This metal was melted in an electric furnace 
using steel scrap and high carbon ferrochrome. 
The drums were annealed at 1750 to 18007 F,, 
held at temperature 1 hr.. and cooled at 60° F, 
per hr. The resulting castings, having a Brinell 
hardness of 321 to 332, were difliculthy machin- 
able with stellite. Annealed test bars showed 
tensile strength of 85.500 Ib. per sq.in. The 
structure of this high chromium iron is shown 
on page 41. 

Brake drums fail in bus service on moun- 
tain roads where braking is long and severe 
The effect of 
Micro- 


scopic studies seem to show a change in struc- 


through wear and heat checking. 


exessive heat is especially damaging. 


ture; that is, sections through a “sound area.” 
and another section near a cracked area, show 
an increase in size of the graphite flakes. 

In some designs the drums are of cast iron 
and are attached to the wheel. In another type, 
known as “centrifuse.” the cast iron is fused to 
a steel backing ring, which acts as a mold for a 


centrifugal casting. 
General Remarks 


Metallurgical control is more important in 
high strength and special cast irons than in ord!- 
nary cast irons. Anybody with a cupola can 
make some kind of iron, but high strength trons 
require close metallurgical control and super- 
vision to produce uniform and good results. 

High strength iron is no cure-all. Just as i 
the steel industry where the big tonnage is stil! 
low carbon steels, so in the cast iron industry 
the big bulk of castings will be non-alloy cas 
ings of the low and medium strength varie! 
There is no advantage in producing a strove 
iron where a weaker and more machinable ir 


will serve the purpose satisfactorily. 
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How is your stock of 
LABORATORY WARE? 


For 
Filtration ... 
Ignition... 


Incineration... 


LUNDUM Laboratory Ware is characteristically strong, 
has high heat transfer properties and long life. Cleaning 

is a simple process of washing and igniting to constant weight. 
There are tubes, cores and muffles for electric furnaces. Cru- 
cibles and dishes for igniting, incinerating and melting. 
Dishes, cones, discs, thimbles and crucibles for filtering. 
Combustion boats, pyrometer tubes and refractory cements. 
A great variety of standard sizes and shapes are carried in 
N stock for immediate shipment. 

x RTON A catalog describing Norton Laboratory Ware will be sent 


REFRACTORIES upon request... no obligation. 


NORTON COMPANY, WORCESTER, MASS.; New York - Chicago - Cleveland 
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Convenience in Hardness Testing 
» Makes for SPEED, 
ECONOMY, ACCURACY 


The MONOTRON has now come into gen- 
eral use by discriminating establishments 


because 


A. It has the required Adaptability and con- 
venience operation upon whic h speedy 


and satisfactory service 


de pe nds 


Iwo Diale show more 
than any one Dial tester, 
solving problem of ap- 
plication to all known 
of any hard- 


materials 


Not Most xpensive ) 
Machine to Inetall 


lor additional information 
see our Bulletins M-3, M-5. 


Free upon request 


For a Good Single 
Dial Tester We Offer 
The SCLEROSCOPE 
(Latest Improved) 


Quick, accurate, more 


popalar than ever, it has 


the only sm plied (Centi- 


grade) scale which m un- 


derstood and quoted = the 


world over The only tester 


that ix 100% portable, and 


operative on work of un- 


limited size. Accurate con- 
versions to Brinell The SCLER.- 


Bulletins S No. 22 and 5 OSCOPE, 
No. 30 maided free 100% Portable. 
THE SHORE INSTRUMENT MFG. CO. 


Van Wyck Ave. & Carll St. Jamaica, New York, N. Y. 


FOR PRECISION AND SPEED IN THE PREPARATION OF 
METAL SAMPLES FOR MICRO-ANALYSIS 


GUTHRIE: LEITZ 


futomatic 


POLISHING 
MACHINE 


ONE. TWO. 
and FOUR 
SPINDLE 
Models 


Ti “Ceuthre 
Leitz” Automat 
Polishing Ma- 
chine i designed 
to reduce toa 
minimum all of 
the various fac 
tore through 
which the prepar 
ation of metal 
samples by hand proves so undependable. By means of a magnetic hold- 
ing and oscillating device, allelements of human equation are eliminated 
With this machine, it i possible to measure the pressure, speed, time, 
amount of abrasive, ete, thus saving time and labor and making it 
possible to entrust the preparation of even research samples in the 


hands of an unskilled operator 

in outstanding feature of these Polishing Machines is that the 
specimen can readily be removed for examination during oper- 
ation, Write for Literature: 


Catalog No. 1196 “Guthrie-Leitz” Automatic Polishing Machine 


DEPT. 314 
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Scaling 


As the scaling in an actual heating opera- 
tion will not be limited to the time at temper- 
ature, but is also occurring during the heating 
up period, the total amount of scale formed 
will be considerably in excess of the amount 
determined for one hour at 1700) F.. and will! 
vary with the rate of heating during the first 
period. However, for purposes of comparison 
it may be assumed that the combined effect re- 
sults in doubling the amount of scale. The loss 
in thickness of metal for the oxidizing atmos- 
phere then becomes 0.008 in. as opposed to 
0.002 in. for the reducing atmosphere — a very 
appreciable difference. 

The heating of a cold forming die block 
12x12x6 in. (0.90 to 1.05°) carbon steel) in an 
atmosphere carrying 1 to Llote oxygen at a 
temperature of 1650 to 1700° F. for one hour 
will result in a metal-loss of from 0.36 to 0-11 
Ib. depending upon the carbon content. This 
will correspond to a metal thickness loss of 
0.002 to 0.0025 in. The use of an atmosphere 
approaching closely to that obtained with nei- 
ther excess fuel nor air (or if the dangers of 
decarburization could be avoided, one contain- 
ing 1%, of carbon monoxide) would result in 
saving 60°. or more of this loss. 

With an increase of the dimensions of the 
part being treated, the time of heating up is 
necessarily extended and the scale formed dur- 
ing this period becomes a more important part 
of the total. The relative effect, though, of the 
change from oxidizing to reducing atmospher: 
will be indicated by the values given on thi 
curves. 

The effects to be obtained with the change 
in character of the furnace atmosphere on tly 
alloy steels appear to follow fairly closely thos: 
obtained with the low or the high carbon stec! 
If a part made of an S.A.E. 6145 steel is heated 
one hour at 1700) F. in a neutral atmospher 
the thickness of metal lost would approximatl 
that shown by the high carbon steel under sim 
ilar conditions. Use of a reducing atmosphe! 


earrving 2°. CO would cut this loss 60°) or mor 
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e Pitch Propeller for every las 


NG a trim Gee Bee Supersporister . .. deftly adjustin 


Major Doolittie’s record-breaking Gee Bee Supef-. 


Sportster, equipped with Smith Controllable 
Pitch Propeller, made by Smith Engineering Co. 


speed flyers, achieves a world’s land plane record of 294.38 miles per hour! « Think of punishr 
y the steel hub and blades of a propeller turning at 2400 per minute! Think oft dditional stra 
tresses as the pilot adjusts the pitch of a propeller turning over at that almost incredible speed. Seve 
? Metallurgists who have spent years in the development of alloy steels ... aeronautical and a 

designers ... men who have fabricated steel for the most unusual application: all are agreed 

s there a more severe test of alloy steel. « Hub, : 1 other par ft Smith Controllable | 


“STEEL 
Ti 


YOUNGSTOWN, OHIO 


WITH JIMMY DOOLITTLE 
‘a ~ j = 
‘ his Smith Controllab] it of speed and power... Major James H. Doolittle, 
ice ¢ 
faken | is 
Ind stl re 
motive 1! 
Propeller are made of Agathon Electric Furnace Steel. Most of the steel, incidentally, is of the S.A.E. 6100 serie: Liche 
teels now standard but first offered to industry as Agathon special analyses steels. « You can trust the prestas 
ir product 1s Jimmy Doolittle trusts his life to the quality and dependability of Agathon Alloy Steels. = 
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